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HOTCHKISS MACHINE RE. 
VOLVING CANNON. 


THE 37-millimeter naval gun is 
earried on a coned support, the 
vot, to which the trunnion bear- 
are attached, fitting into a 
socket on the top of the steel plate 
eone that is fastened to the deck 
by bolts passing through the flange; 
or the same pivot can be set in a 
bracket socket bolted to the rail 
of aship, or other convenient place. 
The landing carriage for this gun 
resembles an ordiuary field carriage, 
t that it is provided with a 
socket instead of the usual trun- 
pion bearings. The 47-willimeter 
revolving gun is too -~~% for land- 
rposes, but its ship mount is 
aaker to that of the 37-millimeter. 
The boat carriage (see Fig. 1) is 
altogether of a different type, con- 
sisting of a bedplate mounted on 
rollers for fore and aft traverse, 
with a pivot bolt for fixing at either 
end, and a central pivot. Upon 
this pivot is placed a carriage, the 
rear of which is provided with tra- 
verse gear connected with the bed- 
plate. Training is effected by screw 
elevating gear. 

Fig. 2 illustrates a special type of 
gun, of which considerable num- 
bers have been made by the Hotch- 
kiss Ordnance Cowpany. It is es- 
pecially designed for flank defense, 
and its special characteristics are 
set forth in the publication of this 
company, from which we summa- 
rize the following particulars. The 
object of this gun is to protect 
trenches, ditches, and other fortifi- 
cation works, by being able to 
sweep the whole length, and as far 
as possible the width, of the ditch 
with a continuous discharge, the 
gun itself being mounted suffi- 
ciently high to prevent an attack- 
ing force from masking the embra- 
sure. Ordinary field guns are not 
adapted for this work, since they 
ean only cover a narrow area ; mi- 
trailleuses and siwilar guns are 
insufficient, since without special 
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arrangements they cannot cover 
the required space. 

The principle on which the flank 
gun is designed is as follows: “If 
from a rifled gun a round of case 
shot be fired, the canister contain- 
ing balls of equal shape and size 
symwmetrically disposed about the 
axis of the projectile, and if this 
round of case takes the rifling of 
the bore, remaining whole until the 
moment ot leaving the muzzle, the 
balls will spread in a cone, whose 
angle at the summit depends upon 
the pitch of the rifling, and the 
general form of the curve of the 
trajectory of each bullet, The ele- 
ments may therefore be computed. 
Let A A’ Figs 3 and 4) be the trace 
of the ground, supposed horizontal, 
in the vertical plane passing through 
the axis of the gun, A B being the 
height of the center of the bore 
above the ground, and BO being 
the direction of the axis of the piece 
inclined at an angle, X, from the 
horizontal, BH. Let the pitch of 
rifling be such that the tangents at 
the origin of the trajectories of each 
bullet make with BO an angle, Y. 
Leaving out of consideration the 
distance of the center of gravity of 
each builet from the axis, B Q, 
which may be neglected practically, 
it is seen that the bullets form a 
cone whose vertical projection is 
aBe, Bde being assumed as the 
trajectory of a single bullet. 

“The intersection of this cone 
with the ground gives a horizontal 
projection in the form of the com- 
ylete elongated curve, aiek a. 

he intersection of the same cone 
with the plane of defilewent, ¢ d, 
drawn parallel to the ground at a 
height of 6 ft. gives a horizontal 
projection in the form of the curve, 
cidke, similar to aika. The 
space swept at a height of less than 
6 ft. by the balls of the coue a Be, 
that is to say, the dangerous cone 
of this zone, projected horizontally, 
is represented by the shaded surface 
comprised by ie k andiak on one 
side and ie k and idk on the other. 
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“When, therefore, the height of the gun above the | more the 


ground is superior to that the plane of defilement 
relative to infantry, the dangerous zone of the cone of 
dispersion is divided into two parts of the form of 
elongated crescents, touching by the ends of the horns. 
A eecond gun barrel placed in exactly the same posi- 
tion as the first, but the pitch of whose — is so ar- 
ranged that the tangents at the origin of the cone of 
dispersion makes with the axis, B O, an angle, Y, 
would give a cone a’ B ¢’, whose dangerous zone pro- 
jected forisontally would be represented by the shaded 
surfaceickat,iek di. lt is readily perceived that 
by properly arranging the pitch of rifliug of this second 
gun barrel, the surface of the daugerous zones may be 
made to touch ; and by introducing a number of bar- 
rels with different degrees of pitch of rifling, a succes- 
sion of zones may be created, one inside of another, so 
as to sweep thoroughly the whole space under con- 
sideration.”* 

This is achieved by modifying the Hotchkiss revolv- 
ing gun, only so far as giving a different pitch of rifling 
to each barrel, and to mounting the piece with a fixed 
angle of inclination determined by the height, A B, of 
the line of fire above the bottom of the ditch. The 
variations in the pitch of the rifling are determined by 
the mean length and width of ditch, and the mean 
height of the line of fire. Once fixed in position, the 
gun may be considered permanent. The form of ri- 
fling adopted comprises twelve grooves with a constant 
pitch, as follows : 


Barrel No.1. Oneturnin 1 meter (89°37 in.) 
“ 3) 5 “ec iT) 1°34 “ 


2 
ee * 8. “ ity 2°20 
ty ay 4 iy “ 8°50 “ 
“ “e 5. i) “ 6°70 “ 


Two wen are required to work the gun, one feeding 
the cartridges and the other turning the crank. 

The carriage on which the kun is mounted is of iron 
with parallel side frames, and the effort of recoil is re- 
sisted by anchoring the carriage with pickets, and by 
friction brakes on the centers of the wheels. A special 
detail is introduced for feeding the guns with the large 
number of cartridges required at critical moments : 
this is a distributor placed on the left-hand side of the 
gun, and to which movement is given by the combined 
action of the elevating screw and the revolving crank ; 
by the arrangewent adopted the feeding wechanism 
follows all angles of direction and elevation given to 
the gun, and a regular feed is secured. 

To complete its destructive character, the projectiles 
employed are shrapnel (see Fig. 5), the metallic car- 
tridges are charged with i°18 oz. of powder, joined to a 
metal box holding 24 balls of hard lead 0°71 in. in diame- 
ter, arranged in eight tiers of three balls each, and 


form ; release it from this 
becomes 


gaseou 
absorbs so wach heat that a temperature of close upon 
; uced, while some of the liquid is frozen 
into the solid form. This shows that the state of ag- 
gregation of the body is dependent upon the existing 
temperatare. 

In the solid and liquid states, the particles or mole 
cules of which all matter is built up are toa certain 
extent checked and limited in their vibrations by the 
force we know as cohesion, but in the gaseous state the 

articles have freed themselves from this restraining 
orce, and being able to mingle freely with other 
ous molecules, are in a condition highly favora' to 
~ production and carrying on of chemical combina- 
tion. 

Gases containing hydrogen, compounds of hydrogen 
with carbon, and compounds of these two with other 
elements, have most of them so strong au affinity for 
the oxygen contained in our atmosphere, that the heat 
emitted by a burning match is generally sufficient to 
determine combination between the gases, and where 
the heat evolved by the combination between the 
gases is sufficient to raise the gases or vapor to incan- 
descence, we have the phenomenon of flame. 

Some flames have the power, under certain condi- 
tions, of emitting light, while others have no photo- 
metric value, and it is a matter of the gravest import 
to the gas world that as clear a conception as possible 
should be obtained of the conditions and cause of 
luminosity in flame, as until this point has been de- 
finitely fixed, it is impossible to lay down the conditions 
under which our illaminants must be burned to yield 
their maximum lighting effect. 

A visible flame may either be solid, 7. e., composed of 
a solid wass of incandescent icles, as when a wix 
ture of nitrogen dioxide and carbon bisulphide vapor 
is ignited, or it may have a distinctive internal struc- 
ture, and show zones in which varying phases of com- 
bustion are taking place, and it is to this latter class 
that all flames produced by a gas issuing from a burner 
belong. 

A moment’s consideration will at once make it mani- 
fest that if one gas is issuing in a steady, continuous 
stream into an atmosphere containing the gas with 
which it is to combine, and if combination is set up, 
i. é., if the gas is lighted, the action can only go on for 
a limited space from the surface where the two gases 
meet, and hence such a flame must of necessity be 
hollow, and will contain a central zone in which entire 
absence of air causes absence of combustion, an inter- 
mediate zone in which pg = combustion is taking 
place, a limited supply of air being able to penetrate ; 
this zone is, in practically all cases, the light-producing 





zone, while outside this again it is just possible to dis- 
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Fias. 3 anD 4.—DIAGRAMS SHOWING DESTRUCTIVE ZONE OF 
FLANK DEFENSE GUN. 


with the interstices filled with sawdust ; the bottom of | 


the box, made of a loose iron plate, forms at short 
ranges a formidable projectile. The normal rate of 
firing is 60 rounds a minute, 1,500 dangerous projectiles, 
all of which are concentrated with a narrow zone; the 
speed can, however, be raised to 90 a minute. corres- 
ending to 2,250 projectiles in the same time. The fol- 
‘lowing are some of the leading particulars of this gun, 
its carriage and ammunition : 


Revolving Gun for Flank Fire. 


yp EE ET TTETTTOTT 1,161°6 Ib. 
eee Chace arch ee enue 70°47 in. 
Weight of carriage and shield...... 1,452 Ib. 
Height of trunnious ............... 47°24 in. 
Weight of cartridge ............... 2°42 Ib 


Total length of cartridge.... .. ... 811 in. 
— Engineering. 


GASEOUS ILLUMINANTS. ft 
By Prof. Vivian B. LEWEs. 
L. 


ALTHOUGH born scarcely a century ago, our gaseous 
illaminavts have made such strides within the last ten 
years that I feel I need no excuse for taking them as 
the subject of this course of lectures, and in doing so I 
propose to treat more especially the new processes 
which are making their mark in the gas world. and, as 
far as the subject will allow, to omit those which are 
either obsolete or are gradually being superseded. 

Just 200 years after Vau Helwont (in the 17th cen- 
tury) first used the term *‘ gas” to deseribe aeriform 
bodies, Faraday defined a gas as being the vapor of a 
volatile liquid existing at a temperature considerably 
above the boiling point of the liquid, and stated that 
the condensing point of the gas is merely the boiling 
point of the liquid produving it. This definition was at 


t tested, vases 
ane Use ocetented, avevcerel of thes had not thea | ment that the battle of luminosity has raged, the word 


been condensed ; but at the present time we know that 
the condensation of any gas to the liquid form is merely 
a question of sufficiently intense cold and pressure. 

t ordinary temperatures, for instance, carbon di- 
oxide, or carbonic acid gas, is as good an example of 
an aeriform body as one could adduce, and is recogniz- 
able only from air by its physical and chemical proper- 
ties, but subject the clear, colorless gas to a tempera- 
ture of — 782° C. and it condenses to a clear limpid 
liquid which might easily be mistaken for water, and 
which, if the tewperatare is again allowed to rise to 0° 
C., requires a pressure of 36 atmospheres, or 15 x 36 
pounds on the square inch, to prevent it assuming once 
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t Lectures recently delivered before the Society of Arts, London. From 
os Manel af un tet ’ 


|elaimed by some observers as constituting a fourth 


'n 


| Magazine,” in 1817, Sir Humphry Davy says, while 


jens however, being 


cern an envelope of non-luminous flame where the ex- 
cess of air destroys all luminosity, for reasons which 
will later be discussed. Careful examination also shows 
that the flame is not in contact with the rim of the 
burner from which the gas is issuing, this space being 


rt. 

In the * Philosophical Transactions” for 1817, Sir 
amphry Davy propounded his celebrated theory that 
the cause of luminosity in flames was the incanc sscence 
jot nascent carbon, a theory which has always been ac- 
cepted as the true one, until the researches of Dr. 
| Frankland, in 1868, cn the effect of pressure on pon- 
luminous flames showed that under certain cireum- 
| stances, never likely to occur in a gas flame, luminosity 
| might be due to other causes, while still later observ- 
|ers have shown that luminosity in a flame is to a great 
| extent affected by temperature. These factors, although 
|of the greatest importance, do not affect the truth of 
the original theory. 

In the last contribution tothe subject, Davy’s theorv 

is attacked by Mr. F. J. Rowan, ina paper on *‘ Flame,” 
; read before the Society of Chemical Industry, in 1889 ; 
| and, inasmuch as his paper was reprinted in full in the 
Journal of Gas Lighting, as well as in the Journal of 
| the Society of Chemical Industry, and hence found its 
| way into the hands of very many who are interested in 
| gas lightingin the kingdom, I think it will be of in- 
terest to fully discuss a question of such vital import- 
ance to the gas industry before passing on to other 
| branches of the subject. 


In the introduction to an article on ‘“‘ Some New Re- 


searches on Flame.” published in the ‘‘ Philosophical 


alluding to a paper published in one of the earlv num- 


| bers of the Journal of Science and the Arts, ‘1 have 
| given an account of some new results on flame which 


shows that the intensity of the light of flames depends 
principally upon the production and ignition of 
solid matter in combustion,” and it is round this state- 


lost sight of, and the 
theory being more often propounded as “‘ the presence 
of solid particles suspended in the flame (or in immedi- 
ate contact with the burning gas) is essential to its 
luminosity.” * An idea which Davy never had, as is 
|shown by his later paper defining flame as follows : 
|“ Flame is a gaseous matter heated so highly as to be 
luminous ;” and again, ** When in flames pure gaseous 
matter is burnt, the light is extremely feeble.” More- 
over, he alludes to “common flames,” evident!y mean- 
ing the flames of candle, lamp. or gas, in all which 
cases I think it can be proved beyond a doubt that his 
theory as expounded by himself was perfectly correct. 

On June 11, 1868, Professor G. Frankland read a 
communication before the Royal Society in which he 
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ma oe Deer’ } whi led him to 
umphry s theory. He po out that 

posit of soot formed when a col _ 
or candle flame is not pure carbon, but containg h 
gen, which can Se me ee 
ing in an a chlorine. , that 
flames possessing a high degree of luminosity 
possibly contain solid particles. 

Arsenic burnt in oxygen gives a t white light, 
yet as arsenic volatilizes at 180° C. the arsenic tri- 
oxide formed@ at 218° C., it is evident that at the tem. 
perature of incandescence, which is at least WO (. 
there can be no solids, but simply vapor, present in the 

e. For the same reason the intense light due to 
burning phosphorus in oxygen eannot be explained 
by the solid particle theory. From these results Dr. 
Frankland considers that.** incandescent particles of 
earbon are not the source of light in gas and candle 
flames, but that the luminosity of these flames is due 
to radiations from dense but transparent hydrocar- 
bon vapors.” And he further shows that the nop- 
laminous flames, such as those produced by carbon 
monoxide and hydrogen, can, when burning in an at- 
mosphere of oxygen, be rendered luminous if the 
ordinary atmospheric pressure is increased to 10 atmo- 
spheres, so as to prevent or retard as far as possible 
expansion during combustion. From Professor Frank- 
land’s experiments there is no doubt but that the lumin- 
osity of a flame is increased by pressing around it the 
atmosphere in which it is burning, and also that rare- 
faction has the opposite effect, a point also worked out 
by Davy, but his experiments do not show that inean- 
descent particles of carbon are not the principal source 
of luminosity in a gas flame. He also shows that the 
higher the density of the vapors present in a flame, the 
more likely is it to,be luminous. 

In 1874, Soret attempted to demonstrate the existence 
of solid particles in a luminous hydrocarbon flame by 
focusing the sun’s rays on the flame, and examining 
the reflected light by means of a Nicol’s prism, but 
neither his research nor that of Burch, who repeated 
his experiments, using the spectroscope instead of the 
Niecol’s prism, show wore than that solid particles are 
present. 

W. Stein (“Journal of Praet. Chem.” [2]. viii., 402) 
in considering Frankland’s objections to Davy’s theory 
points out that the soot which is deposited from a can- 
dle or gas flame, and which Frankland looks upon as a 
condensed hydrocarbon, contains 99°1 per cent. of car- 
bon, and only 0 9 per cent. of hydrogen, which is about 
the amount of hydrogen one would expect to be oe- 
cluded by carbon formed under these conditions, and 
he also points out that if the soot were a heavy hydro- 
earbon condensed by a cold surface cooling the vapor 
in the flame, then it ought to agaiu be volatile ata 
high temperature, which it is not. 

he next steps in the controversy were the attempts 
made by Hilgard (‘* Annalen der Chemie,” Ixxxxii. 129), 
Landolt (‘* Poggendorff’s Annalen,” |xxxxix. 389), and 
Blochman (*‘ Annalen de Chemie,” elviii. 295) to trace 
the actions taking place in various flames by withdraw- 
ing the gases from various partsof the flame, and de- 
termining their composition, experiments which en- 
able one to form an idea of the changes taking place in 
the various parts of a luminous flame. Ordinary 16 to 
17 candle coal gas as supplied in London may roughly 
be taken as consisting of : 


dro- 


many 
cannot 


ig ane vernakineed wacker Gb eeae nn 51°6 
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Of these, the last three only exist as traces, and play 
no part in the combustion, while of the remainder it 
is found that the hydrogen burns most rapidly, then 
the carbon monoxide, and next the marsh gas, while 
the illuminants are the slowest to burn ; but when at 
the bottom of the flame hydrogen and carbon monoxide 
enter into a non-luminous combustion, forming water 
vapor and carbon dioxide with the oxygen of the air, 
they have by no means completed their fanction, as the, 
aqueous vapor passing upward through a zone of in- 
tense heat becomes again dissociated to a certain ex- 
tent into hydrogen and oxygen, while the carbon di- 
oxide coming into contact with incandescent carbon, 
liberated from the heavy hydrocarbons forming the 
illaminants, becomes again reduced to carbon monox- 
ide, these only finally completely recombining to sat- 
urated products of combustion in the outer non-luwin- 
ous zone of the flame. Landolt took an ordinary rich 
coal gas flame, 344 in. in height, and traced the changes 
taking place by withdrawing the gases in the flame at 
various points from the orifice of the burner up to about 
two inches above it, with the following results : 





Composition of Gas in Height from Burner in Inches. 
































Flame. 0 | 939) O79) 118) 158) 197 
- |——-| ——- } — De en 
Hydrogen... .......|22°6614-95| 15°49} 15°44) 14.50) 11°95 
OS eee 33°77/30°20) 28°34) 21°55; 11°92; 3°64 
Carbon monoxide...| 7°34/14°07) 14°05) 14°58 22°24 25°14 
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i” ees 0 66) O-78| O°47) ... ee an 
Nitrogen.... ...... 29°41) 88°66) 140°78 184-23 270°45, 307°10 
Carbon dioxide.... | 1 94/92°34) 10°11, 14°98 23°76 32°34 
rere 8°34/11 60) 38°85 52°55) 72°67) 75 61 





He used a gas containing a high percentage of illum- 


‘inants, and on examining his resalts we see that the by- 


drogen is the first to burn, asone would expect fromm its 
relatively low igniting point and great rapidity of com- 
bustion. The burning of the carbon monoxide cannot 
be traced in the same way, as it is formed more rapidly 
by the incomplete combustion of the marsh gas that it 
burns, so that a steady increase in the proportion takes 
place, while the marsh gas steadily burns | untii 
a height of 14¢ inches is attained, when its combustion 
becomes very rapid. 

The illuminants practically undergo no change at 
first, indeed they slightly increase in quantity from the 
decomposition by heat of some of the marsh gas into 
acetylene; and they only begin to decom ata 
height of 144 inches above the orifice of the burner, and 





© ‘The italics in all cases are mine.—V. L. 





then burn rapidly in the highest part of the flame. 
A most important fact, moreover, to be noted is that 
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at the height of 1}¢ inches there is a sudden rise in the 

tity of carbon monoxide at the moment that the 
fiuminating olefines begin to disappear—a result un- 
doubtedly due to the action of the nascent ignited ecar- 
bon on carbon dioxide. 

Among the illuminants are several hydrocarbons, 
the probable composition of which will be discussed in 
the next lecture, and these are gradually broken down 
in intermediate stages in the lower part of the flame, 
patil finally they become marsh gas aud carbon,and it is 
this carbon which in excessively minute particles at the 
momeut of liberation is heated to incandescence, and 
“ principally ” gives the light of the flawe. The marsh 

originally present and also that formed from the 
heavier hydrocarbons adds its iota to the luminosity 
by still further decomposition during combustion, 
before finally being carbon dioxide and water. 

In 1876, Dr. Karl Heumann made most important 
contributions to the theory of luminous flames in 
some papers published in ‘ Liebig’s Annalen,” vols. 
elxxxi. and elxxxii., in which he carefully goes over the 
work of previous observers, and by a large number of 
original experiments proves that Davy’s theory was 
correct, but that other causes also affected the degree 
of juminosity in a gas or candle flame. 

In the ordinary atmospheric burner in which a mix- 
ture of coal gas and air burns with a non-luminous 
flame, it was supposed that the admixture of air sup- 
plying oxygen to the inner portion of the flame caused 
immediate and complete oxidation of the hydrocarbons 
without giving time for the liberation of carbon in the 
flame and consequent luminosity. 

More modern researches, however, have proved this 
to be utterly wrong, the loss of luminosity being due to 
two causes : 

1. The diluting action of the air introduced. 

2. The fact that when a gas is so diluted it requires 
afar higher temperature to break up the hydrocarbons 
present than when the gas is undiluted; and, there- 
fore, the temperature which serves to liberate carbon, 
and render the undiluted gas flame luminous, is totally 
insufficient to doso in the diluted gas, and in conse- 
quence the hydrocarbon burns to carbon dioxide and 
water, without any such liberation, and hence with a 
non-luiminous flame. 

The truth of this theory can be easily proved by the 
fact that diluting the gas with nitrogen, carbon dioxide 
or even steam, serves to render it non-luminous, and, 
therefore, more rapid oxidation has very little or noth- 
ing to do with it, while the non-luminous flame can 
again be rendered luminous, either by heating the mix- 
ture of air and gas just before combustion, or by heat- 
ing the air with which the gas is diluted. 

This being so, it is evident that in the non-luminous 
flame we have the same hydrocarbons present as in 
the luminous flame, and anything which will tend to 
break them up and liberate the carbon before the hy- 
droearbons are consumed should again make the flame 
luminous, ? 

That heat will dothis has been already shown, but 
it can be demonstrated in a still more striking way. It 
is well known that chlorine gas and bromine vapor will 
both support the combustion of a gas containing much 
hydrogen, but that the combustion is very different 
from that of the same gas burning in air, as the chlor- 
ine or bromine, having no affinity for the carbon, com- 
bines with the hydrogen only, and deposits the carbon 
in clouds of soot. In other words, at the temperature 
of flame chlorine will break up the hydrocarbons and 
liberate solid carbon. If now a small quantity of 
ehiorine be led into the non-luminous Bunsen flame, 
it at once becomes luminous, proving conclusively that 
luminosity is due to solid particles of carbon liberated 
in the flame. 

Again, Heumapn points out that a small rod held 
in the luminous flame becomes rapidly covered on its 
lower side with a deposit of soot, é. e., the soot is pres- 
ent in particles in the flame, and the uprush of the 
gas drives it against the rod, and deposits it there. If 
the soot were present in the flame, as Frankland sup- 
poses, in the state of vapor, and the rod merely acted 
by cooling and condensing it, then the soot should be 
deposited on all sides of the rod, while a still further 
proof is that if the soot existed as vapor in the flame, 
then if the rod were heated to a high temperature, no 
soot should be deposited on it, whereas the soot de- 
posits on a heated surface just as weil as on a cool one. 

It has been objected to the solid particle theory 
that if it were true, then solid carbon particles intro- 
duced into a non-luwinous flame should render it 
luminous, and make it look like an ordinary gas 
flame, whereas it simply gives rise to a cloud of sparks. 
But it must be remembered that the ‘ nascent” car- 
bon, as it is liberated from the decomposing hydro- 
earbons, is in the molecular condition, and has a 
very different degree of coarse-grainednuess to any 
preparation of charcoal or lampblack we can make, 
and that although our finest particle is a mass which 
takes so long to burn that it leaves the flame only 
partly consumed, and is projected into the air as a 
spark, yet the molecular particles of carbon are con- 
sumed as soon as they are rendered incandescent, and 
a steady luminosity free from sparks results. 

It is possible, however, to make the particles in a 
luminous flame roll themselves together, when they 
can be either deposited in a very coarse kind of soot or 
be seen as glowing sparks and particles in the mantle 
of the flame. This can be done when two luminous 
flames are allowed to rush against each other or 
against a heated surface. Heumann also shows that) 
the luminous mantle of a flame is not altogether 
transparent, and that the thicker the flame 
layer and the greater te number of solid par- 
ticles contained in it, the less transparent does it be- 
come. If a non-luminous hydrogen flame is charged 
with the vapor of chromyl-dichloride (CrO.Cl,), chro- 
mie oxide is produced, and this flame, undoubtedly 
containing solid particles, is quite as transparent as 
the hydrocarbon flame; while, finally, those flames 
which undoubtedly owe their luminosity to the pres- 
ence of finely divided solid matter produce character- 
istic shadows when viewed in cunlight: the only lumin- 
ous flames which do not throw shadows being those 
which consist of glowing vapors and Lu:ninous 
gas flame, oil lamp flame, and candle flames produce 
strongly marked shadows in sunlight, and therefore 
Contain finely divided solid matter, and that this can 
be nothing but carbon is evident from the fact that all 





other substances capable of remaining solid at the 
temperature of these flames are absent. 


From these considerations it seems to me that Sir 
Humphry Davy’s statement that “ the intensity of the 
cas of does ae ot ee a ) depends 
principally upon the production and ignition of solid 
matter in combustion,” is undoubtedly the true one, 
and we must also bear in mind that the degree of lu- 
minosity of a flame is affected by the constituents of 
the gas other than heavy hydrocarbons ; some, like 
marsh although ordinarily burning with an ap- 
parently non-luminous and separating no soot, 
yet add considerably to the luminosity at the tempera- 
ture of the flame, while others like carbon monoxide 
reduce it. 

This question, which I hope to discuss in the next 
lecture, has most important rings upon the illumi- 
nating values of the newer forms of gaseous illumin- 
ants ; and, finally, in considering the amount of light 
obtainable from a flame, we must not lose sight of the 
question of temperature, which will be best brought 
to your notice when speaking of the newer forms of 
burners employed in the combustion of coal gas. 

The luminosity of a flame is increased by increase of 
density in the media in which it is burning, and de- 
creased by rarefaction, facts wade strikingly clear by 
Frankland’s experiments, although no as early as 
1658 by Boyle. The effect was sup by Frankland 
to be due to the alteration of the mobility of the oxy- 
gen molecules in the air with the alteration in density; 
this view, however, is contested by Wartha, who con- 
cludes that it is due to the effect of pressure on the dis- 
sociation point of the hydrocarbons burning in the 
flame, this taking place more rapidly under an increas- 
ed pressure, and the carbon being therefore more 
quickly liberated. Be this as it may, the effect of 
pressure on luminous flames is very marked even under 
ordinary atmospheric pressure, the difference of an 
inch in the barometric column making 5 per cent. differ- 
ence in the luminosity, ¢. ¢., a burner giving 100 unite 
of light with the barometer at 30 in. would only give 
95 if it fell to 29, while a rise to 31 in. would mean an 
increase of the luminosity to 105 units. 

II. 

Having collected the known facts bearing upon the 
cause of Inminosity of flames burning under ordinary 
atmospheric conditions, and having seen that such 
luminosity is governed by the separation of nascent 
carbon due to the decomposition by the heat of the 
flame of heavy hydrocarbons present in the gas, it is 
evident that anything which affects the quantity of 
hydrocarbons present, the ease with which they de- 
compose or the temperature of the flame, must also 
affect the luminosity, while a great deal will also de- 
pend upon the characteristic properties of the portions 
of the gas which act as carriers of the illuminating 
com pounds. 

In the various analyses of illuminating gases, the 
heavy hydrocarbons are as a rule expressed as “ illu- 
minants,” and used to be considered to consist mainly 
of ethylene, an idea which the researches of the last 
few years have shown to be totally erroneous. Besides 
ethylene there are undoubtedly present benzene, pro- 
pylene, butylene, and acetylene, and also such mwem- 
bers of the paraffin series as ethane, propane, and ba- 
tane, while under certain circumstances erotonylene, 
terene, ally lene, and others are present, so that the de- 
termination of the illuminants is by no means the sim- 
ple process one would imagine it to be from the direc- 
tions given in most text books on gas analysis. 

The illuminants present in any given sample of coal 
gas depend upon (1) the kind of coal used, (2) the tem- 
perature at which the coal is distilled, and (3) the 
length of time during which the gas 1s in contact with 
the heated sides of the retort, and also the time during 
which it is in contact with the liquid products of the 
distillation. 

1. The kind of coal used. 

In an important paper read before the Society of 
Chemical Industry in January, 1885, Mr. G. E. Davis 
describes experiments on the hydrocarbons ip ordinary 
and cannel gas, in which he 1 large volumes of 
the gases through olive oil. This oil bas the power 
of absorbing any hydrocarbon vapors of compounds 
liquid at ordinary temperatures, which are being borne 
along as vapor by the carrying power of the hydrogen 
present in the gas. He found that illuminating gas 
from 17 to 19 candle power was reduced to 8, and that 
on recovering the hydrocarbons from the absorbent, a 
very small fraction, not exceeding 2 per cent., had a 
boiling point below 80° C.; while with cannel gas, hav- 
ing an illuminating power of 27 candles, on passing 
through the olive oil the candle power fell to 19. The 
hydrocarbons, on being separated, proved to be very 
different, 29°9 per cent. boiling below 80° C.; while 12 
per cent. had a boiling point below 23° C., and proba- 
bly consisted of croton) lene. 

2. The temperature at which the coal is distilled. 

As the temperature is increased, the yield of gas 
from a given weight of coal also increases, but with the 
increase of volume there is a warked decrease in the 
illuminating value of the gas evolved. Mr. Lewis T. 
Wright, in a series of experiments (Journal of the 
Chemical Society, 1884, p. 99), found that when four 
portions of the same coal were distilled at temperatures 
ranging from a dull red heat to the highest tempera- 
ture attainable in an iron retort, he got the following 
results as to yield and illuminating power : 





Temperature, | Gas per ton, ae ert > 
I. Dull red.... .....| 8250 | 205 38,950 
OD. MOB. i.» <la0.0s 9.693 | 178 34,510 
HII. Hotter........... 10,821 | 167 | 36.140 
156 37,460 


IV. Bright orange. ... 12,006 





COMPOSITION OF THE GAS. 











L u. | tv. 

“| 
i ee 38°09 43°77 48:02 
Marsh Qas........c0c-+--s++0- 42°72 34°50 30°70 
Oletines. ... ae 5°83 451 
Carbon monoxide. ......... 8°72 12°50 13-96 
RS eet ere 2-92 3°40 281 








The gas any ee of No. III. was lost, but the illumi- 
nating power ws that it is intermediate in composi- 
tion between II. and IV. 

From this it will be seen that with the increase of 
temperature the hydrocarbons (the olefines and marsh 
gas series) gradually break uP depositing carbon in 
the crown of:the retort, and liberating hydrogen, the 
percentage of which steadily increases with the rise of 
aa cry omen « 

This breaking down of the hydrocarbons does not 

in any regular progression, bodies being built 
up as well as broken down atom | the action, the 
general tendency being, however, to form simple mole- 
cules until at last complete decomposition ensues, the 
higher members of the paraffin series being probably 
converted into paraffins and olefines of lower mole- 
eular weight. Butane, for instance, at a high temper- 
ature is resolved into ethane and ethylene, while at a 
still higher temperature ethylene will form ethane 
and acetylene, and still further break up into methane 
and carbon, the methane itself being at last broken up. 
Indeed the es wot | hydrocarbons —— such analy- 
tical and synthetical changes at a high temperature 
that, given any member of the series, you may have it 
resolved into carbon and hydrogen under one set of 
circumstances, while under others wethane may be- 
come converted at high temperatures into naphthalene 
and acetylene, and it is this fact which gives such 
varying composition to the illuminants present in the 


gas. 

3. The length of time during which the gas is in con- 
tact with the heated sides of the retort and with the 
liquid products of distillation. 

hen once evolved. the gas should not remain 
longer than necessary in the retort, as the sides being 
at a higher temperature than the charge, the hydro- 
carbons present become broken down in the way pre- 
viously indicated, with deposition of carbon in the 
crown of the retort. Ifthe gas remains in contact 
with the tarry products of distillation, the tar will ab- 
sorb a considerable amount of the volatile hydro- 
earbon vapor and seriously impair the illuminating 
value of the gas, becoming itself much wore liquid, so 
that the gas should be removed from the presence of 
tar before the latter has time to cool. 

All analyses of coal gas have so far been founded on 
the assumption that the “illuminants,” @ ¢., the 
heavy hydrocarbons responsible for the illuminating 
power, could be absorbed by fuming sulphurie acid, 
chlorine, or bromine. This, however, is undoubtedly 
not the case. Mr. Wright has shown that when coal 
gas has been treated with fuming sulphuric acid, the 
residual gas still retains from 32 to 55 per cent. of its 
original luminosity, and although this may be to a 
certain extent due to the methane, which at high 
temperatures becomes slightly luminous, still it is cer- 
tain that a considerable percentage is due to the higher 
members of the paraffin series not absorbed by the 
fuming sulphuric acid, and which the methods of ana- 
lysis usually employed utterly fail to detect. Indeed, 
given a gas containing any member of the paraffin 
series other than methane, the analytical results are 
not only ineorrect,jbut very misleading, as the percent- 
ages of hydrogen and methane present will be abso- 
lutely nullified by a very small quantity of the higher 
hydrocarbons. 

In the analysis of an illuminating gas of the kind 
generally supplied up to a few months ago, the 
general process of the analysis consisted in taking a 
measured volume of the gas over mercury, and 

1 Absorbing sulpureted hydrogen by manganese di- 
oxide impregnated with phosphoric acid. 

2. Absorbing carbon dioxide by potash. 

3. Absorbing oxygen by alkaline pyrogallate. 

4. Absorbing the “iliuminants” with sulphur tri- 
oxide dissolved in Nordhausen sulphurie acid, and 
washing the remaining gas with potash to remove any 
sulphur dioxide from the acid used. 

5. Absorbing carbon monoxide with acid cuprous 
chloride. 

The residual gas was then looked upon as consisting 
of methane, hydrogen, and nitrogen, avd was exploded 
with excess of oxygen over wereury. The volume of 
earbon dioxide formed was estimated by absorption 
with potash and gave the volume of methane, while 
the residual gas, after the removal of exeess of hydro- 
gen by potassic pyrogallate, was looked upon as nitro- 
gen, and the hydrogen was obtained by difference. 
This method, as employed by Bunsen, gave results 
which were approximately correct, but inasmuch as 
the absorbents had to be introduced into the measur- 
ing eudiometer on various absorbent substances, and 
as it was also hampered by a mass Of necessary correc- 
tions, the time taken by an avalysis was enormous. 
The results also, when obtained, gave practically no 
insight into the composition of the gas, and this 
method, as well as the succeeding ones, was open to a 
grave objection which will be discussed later on. The 
first steps toward simplifying the process were wade 
by Prof. MacLeod in his modification of the Frank- 
land-Ward apparatus, and was still further improved 
upon by Mr. Phones, but the apparatus still remained 
too ponderous and the process too long for technical 
avalysis, where the operation must be performed in at 
most two hours, in order to be of use to the gas 
wanager or experimentalist desirous of checking the 
actions going on in any process. The next step 
was the introduction of Stead’s apparatus, in which 
mercury was used, and in which also very convenient 
arrangements were made for transferring the gas to 
the laboratory vessels and bringing them back to the 
measuring tube eudiometer, and, finally, accuracy has 
been still more sacrificed to speed in the Orset-Meucke 
and Hempsel’s burette, which atones, as far as possible, 
for the errors introduced from the use of water instead 
of mereary, by the large volumes of gas which can be 
worked with at a time, 

The processes instituted by Bunsen, and used with 
all forms of mercury apparatus, have several draw- 
backs, the chief one being that the residue left after 
absorption with cuprous chloride was looked upon as 
hydrogen, methane, and nitrogen, and that these were 
estimated by explosion with oxygen, and the volume of 
earbon dioxide formed was taken as representing the 
volume of methane. 

Now all researches on the composition of coal gas 
point to the presence of ethane, and probably higher 
members of the marsh gas series, while in carbureted 





gases they are undoubtedly present to a far higher 
extent, 
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Ethane, propane, and butane have all been shown 
to be present in small quantities, and as ethane gives 
double its own volume of carbon dioxide, propane 
three times, and butane four times its volume, it is 
evident that exploding with oxygen, and taking the 
volume of carbon dioxide as representing marsh gas, 
will undoubted! ve too high results with an ordi- 
nary coal gas, whi e with a carbureted gas it will ren- 
der the whole analysis useless. Moreover, the free 





oxygen is next absorbed and the remainder taken as 
nitrogen, while the volume of after absorption by 
cuprous chloride, less the marsh gas and nitrogen ob- | 
tained as above, is taken as representing the hydrogen 
in the gas. The resuit being that the age is al- 
ways far too low, not only because the volume of} 
marsh gas is too high, but also because the residual 
nitrogen having to bear the brunt of all the errors of 
analysis throughout some seven or eight absorptions is 
also nearly always too high. 

These palpable errors in the quantity of marsh gas 
and hydrogen also render worthless the calculation of 
the carbon and hydrogen density of the gas, on which 
great stress has been laid by previous observers, so 
that on the whole it is not to be wondered at that no 
relation has been discovered between the carbon and 
hydrogen density and the illuminating value of the 
coal gas. 
> With the more rapid methods of technical analysis, 
it is evident that no explosion over water and subse- 
— measurements of carbon dioxide could give satis- 

tory or even approximate results, as the pressure at 
the moment of explosion, and subsequent reduction of 
ressure, causes the water to effervesce like soda water, 
m the absorption and then liberation of the carbon 
dioxide; and as this washes other gases dissolved in 
the water out of it, and leaves an indefinite quantity 
of carbon dioxide in solution, any such process must 
be discarded. 

These troubles have induced chemists to suggest 
several modifications in the process, some of which 
aim at doing away altogether with explosion. Some 
of these, like the process of burning H, but not 
methane, by age over palladium asbestos, are of 
— value, while others are of not much practical 
value. 

The last method proposed for the analysis of coal 
gas, without explosion, was published this year, and 
consisted of— 

1. Absorbing the illuminants by strong alcohol. 

2. Absorbing carbon dioxide by potash. 

3. Absorbing oxygen by pyrogallate of potash. 

4. Absorbing carbon monoxide by cuprous chloride. 

5. Absorbing hydrogen by alkaline solution of per- 
manganate of potash, and caliing the residual gas| 
methane and nitrogen. The objections to this process 
are that alcohol not only absorbs the illuminants, 
but also a very large percentage—say 50 per cent. 
—of the methane, with considerable rapidity, that 
after washing with water from the alcohol vapors it 
would be useless to expect an exact determination of 
carbon dioxide, as it has been mostly dissolved by the 
water, and finally that, as far as my experiments have 
at present gone, alkaline permanganate is not a reli- 
able absorbent for hydrogen. 

I am, at the present time, working at the various 
pee of gas analysis and checking mixtures of pure 

ydrocarbons, work I hope to have ready for publica- 
tion early next year. But so far the general BD vone of 
analysis which | am following, and which gives me the 
best and most instructive results, is as follows : 

Two Stead’s apparatus are taken and placed with 
the entrance tubes end to end, and are filled, the one 
with distilled water saturated with air, and the other 
with clean, pure mercury. The gas to be tested is col- 
lected in one of the Stead absorbing tubes over water, 
so as to be saturated, and is then transferred over mer- 
eury in the eudiometer tube of the apparatus, and is 
measured and passed into sodic hydrate, to absorb the 
sinall traces of carbon dioxide to be found in the high- 
ty purified London gas. (When present in only small 
traces, the amount of the carbon dioxide lost by water 
saturation cannot be detected.) After absorption of 
carbon dioxide the gas is run into the second appara- 
tus, and the oxygen estimated by absorption with al- 
kaliue pyrogallate, which must be strony and fresh, 
containing about 25 grammes of pyrogallic acid dis- 
solved in 50 grammes of sodic hydrate in 200 of water. 
(It is absolutely essential that the solution should be 
fresh, as, after keeping for some time, it will evolve a 
cousiderable amount of carbon monoxide.) After ab- 
sorption with pvrogallate, the gas is run back into the 
eudiometer of the apparatus, ’and is measured over 
water. The heavy hydrocarbons have now to be esti- 
mated, and inasmuch as benzene is one of the most 
valuable illuminants in the coal gas, it would be of 
great value if any absorbent could be found which 
would separate the benzene and ethylene series, bat, 
unfortunately, such does not, as far as weknow, exist, 
the ordinary absorbents having the foli®#wing draw- 
backs: (1) Nordhausen sulphuric acid, in which sul- 
phuric trioxide has been dissolved until it will solidify 
on cooling, absorbs both ethylene and benzene, and, 
therefore, cannot be used to separate them. (2) Fum- 
ing nitric acid is a good absorbent for both series. 
(8) Bromine water, or a potassic bromide solution of 
bromine, acts more rapidly on ethylene than on ben- 
zene; but undoubtedly does absorb a considerable 

uantity of the latter if in contact with a mixture of 

etwo. (4) None of the above affect the methane 
series iv diffused daylight. The nearest approximate 
result is obtained by treating the gas first with strong 
bromine water, but not leaving it too long in contact 
with it, and then removing bromine vapor over sodic 
hydrate, the absorption being taken as ethylene series; 
while the benzene is then absorbed by fuming nitric 
acid, or saturated Nordhausen acid, acid fumes being 
removed in the sodic hydrate tube before neasurement 
over water. It is then passed into an absorption tube, 
filled with a fresh solution of ammoniacal cuprous 
chloride, to absorb carbon monoxide, (This mast not 
be used for more than six determinations of an ordi- 
nary coal gas containing say 3 to 6 per cent. of carbon 
monoxide, or three of a carbureted water gas, as after 
much carbon monoxide has been absorbed, the solu- 
tion has a tendency to again give up small quantities 
of the gas.) The gas is now returned to the mwereury 





eudiometer tabe, and, after measurement, is passed 
into an absorption tube with paraffin oil previously 


good deal of methane. The residue is now washed 
and mixed with oxygen (which has itself been analyzed, 
so that the percentage of nitrogen and foreign gases in 
it are known), the mixture is exploded over mercury, 
and the carbon dioxide formed is estimated. The 
volume of carbon dioxide formed, plus the volume of 
gas absorbed by the paraffin oil, then gives the volume 
of gases in the methane series. A fresh portion of gas 
is now taken over mercury, and is exploded with excess 
of analyzed oxygen, the carbon dioxide is absorbed by 
sodic hydrate and the oxygen by pyrogallate, and the 
residue will be the nitrogen, the hydrogen being de- 
termined by difference. 

It must, enecen be clearly borne in mind that any 
such separation of the ethylene and benzene is not in 
any way accurate. The absorptions by bromine water 
and nitric acid, when added together, give the true 

uantity of olefines, while the volume absorbed by 
the paraffin oil added to the volume of carbon dioxide 
found during explosion gives accurately the volumes 
of gasesin the methane series, but beyond this any 
subdivision of the constituents is purely approximate. 
In this way an analysis of South Metropolitan gas 


shows: 
enen.... -. onsts ~~ OS Tete 
ithylene series | f ‘5 ) ‘o 
Lluminants -Benzene “* cauree.. 1 o9 hydrocar- 
Methane j by paraffin. 7°9 bons 
) “ explos’n 33°3 45°6 per ct. 
Carbon monoxide............ 60 
Carbon dioxide.... ......... 00 
Oxygen oneseccs® cosense « OO 
Ee oo 
100°0 


In such an analysis no pretense is made that the 
exact percentage of the various illuminants is given, 
but the total of the illaminants is accurate, and their 
rough subdivision gives a far clearer insight into the 
characters of the gas than the more pretentious and 
more faulty analysis we have been in the habit of 
arguing upon. 

It must be clearly borne in mind that I only put this 
scheme of analysis forward to meet the need now 
rapidly arising for a method which will show whether 
we are dealing with an ordinary coal gas enriched by 
cannel, a coal gas carbureted with either gasoline or 
oil gas, or with a coal gas enriched by highly carbu- 
reted water gas. In the first case the ethylene and 
benzene series will be found well represented, while 
the carbon monoxide islow. In thesecond, the amount 
of hydrocarbons in the methane series will have in- 
creased, and if oil gas has been used, a small increase 
in carbon monoxide may also be noticed, while the 
presence of carbureted water gas at once brings up 
the quantity of carbon monoxide, and the members of 
the methane series become the important illuminants. 
The illuminating value of the hydrocarbons present 
in the coal gas varies very greatly, the illuminating 


power increasing very rapidly with the number of car- | - 


bon atoms in the molecule, and a rough idea of the 
value of the hydrocarbons in the various series may 
be obtained from the illuminating values of those ex- 
verimented with by Frankland and Thorne, Knub- 


| auch, and others. 
[ILLUMINATING VALUK OF HYDROCARBONS PER FIVE | 


CUBIC FEET OF VAPOR. 


Candles. 
NN EE Se LT 5:2 
nits decades ath aibkidinn wegen aed 35 7 
NS LLOL TOLLE OE TOO 56°7 
iis sane tiskeetdbentikh Veammen weil 70°0 
ns adedtbhibed dams cede adiaimaek hie 420°0 
ritnanns eid neni seh tnieninsneeees 741°7 
III «0. 'c0 s0 008: 000: -s4arndpi eee 990 9 


The two latter® being calculated from Knublauch’s 
figures. From this it is seen that the illuminating 
value of benzene and the other hydrocarbons of that 
series is enormously more valuable than members of 
the methane series, and there is little doubt but that 
these bodies carried as vapors by the gas are the most 
important of the illuminants, their presence being 
amply proved by the fact that on compressing coal 
gas under a preseure of 14 atmospheres, 7. e., 14 by 15 
lb. on the square inch, benzene, xylene, and other 
members of. that series can be separated out as a liquid. 

The action of the diluents present in coal gas upon 
its illuminating power has been determined by taking 
ethylene with an illuminating power of 68°5 candles as 
a representative of the hydrocarbons present in coal 
gas, and diluting with the various diluents present in 
coal gas. By this process the following results were 
obtained by Dr. Perey Frankland : 


COMBUSTIBLE DILUENTS 
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77°55 22 45 54°58 

| 68°39 31°61 49 37 

| 53°58 46 42 38°21 

Hydrogew,......-. ...,' 8547 64 53 30°85 
| 26°08 73°92 22°84 

13°37 86°63 6°73 

{ 10°00 90°00 0 00 

{ 81°65 18°35 55°27 

67°75 32°25 47°73 

46°30 53°70 33 09 

Carbon monoxide... . 37°94 62 06 26 52 
28°73 71°27 13°26 

23°39 76°11 6°56 
| , 20°00 80-00 0°00 

i 85°67 14 38 5791 
=o 30°91 47°88 
; 42°26 40°42 
Methane vrrrey iy 35°90 64°10 83°17 
13 00 87:00 19:35 
7°87 92°13 17°59 
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These results show that, with the combustible dilu- 
ente, hydrogen reduces the illuminating power least 





heated, until oreins which will distill at 100 deg. C. 
has gone off, wh 


ich absorbs ethane, propane, and a 


with large quantities of the hydrocarbons, but that 
metiane is preferable when in excess, as with low per- 


centages of the illuminant, especially when burnt at 
high temperature, methane itself a feeble 
a agent. 

This is due to the fact that, although, when the 
marsh gas or methane burns at ordinary tempera- 
tures, it is non-luminous, at a high tem ture some 
of itis broken up into acetylene, which gives it dis. 
tinct luminosity. 

Carbon wonoxide is the most injurious of the com- 
bustible illumivants, 80 per cent. mixed with ethylene 
rendering it non-luminous, a result which would re- 
quire 90 per cent. of hydrogen. 

The inofluence of incombustible diluents on the 
illawinating power of flames containing hydrocarbong 
has been also determined, with the following results : 


NON-COMBUSTIBLE DILUENTS. 
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While moisture when present to the extent of 2 per 
cent. (the proportion present in coal gas saturated at 
20 deg. C. and 760 mm.) in ethylene reduces the illumi- 
nating power 3°6 per cent., or in coal gas 3°83 per cent. 

Of the inert or non-combustible diluents. therefore, 
carbon dioxide is the most injurious, and atmospheric 
air is the least harmful. 

Wurtz has also determined the loss of light inei- 
dental on addition of air to coal gas, and gives the fol- 
Jowing results : 





Added Air. 





Percentage Loss of Light. 
3°00 15°69 
4°96 23°83 
11 71 41°46 
16°18 57°53 
25°00 84°00 








The addition of oxygen to gases rich in hydrocar- 
bons causes an increase in the illuminating power, up 
to a certain point. The temperature of the flame is 
increased by burning up the hydrogen of the hydro- 
carbons, and rendering the carbon incandescent with- 
out diluting the flame with nitrogen to the extent 
which would have been necessary had air been used 
for the pur 

The effect of such gases as hydrogen, marsh gas, and 
earbon monoxide is simply to dilute the flame, and, by 
separating the molecules of the hydrocarbons, to make - 
them more difficult to decompose; while such bodies 
asthe carbon dioxide, nitrogen, air and water vapor 
not only dilute but also cool the flame, as they do not 
add to the heat by any action of their own, and have 
to heated up to the same temperature as the flame 
itself, 

Rosette determined the temperature of a gas flame 
diluted with air, nitrogen, and carbon dioxide respect- 
ively, and found that it was least with the carbon di- 
oxide and highest with air, a result which agrees with 
Dr. Frankland’s determination of illuminating power. 
His figures are: 














Volumes Taken. | Temyerature., 
Gas. Diluent. | Air, | Nitrogen. |Carb’n Dioxide 
— ——— 
Vol. Vol. Deg. C. Deg. C. Deg. C 
1 1 plage! ; 1,180 1,100 
1 | 2 4,260 1,150 x80 
1 3 1,116 1,040 780 





(To be continued.) 


BAND KNIFE FOR CUTTING FABRICS. 


In the using of band saw machines for the cutting 
of cloth and fabrics of various descriptions, many com- 
plaints have been made of, and much loss of time ex- 
perienced in, the breaking of the saws. These break- 
ages often occur through the quality of the metal of 
which the saw is made being inferior, but a leading 
canse, and one that entails the greatest number of 
difficulties, is the want of uniform or regular tension 





upon the knife or saw throughout its whole length. It 
is well known that, although the metal may be of the 
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best quality procarable,lan irregular tension speed 
ily y akens this knife or saw, and, evenfif no ae 
result, the running of the knife is so erratic that t 
eutting of the cloth in a clean and regular manner is a 
matter of no little diffleulty, and, at the same time, 
the working of the machine necessitates a greater 
amount of power than is really requisite when the 
knife tension is correct. This latter evil may not seem 
go great if caleulated upon a single wachine, but, in 
establishments where they are used by the score, the 
joss of power proves an item sensibly felt in the long 





"To overcome these difficulties, Mr. R. H. Harry, of 
the firm of Aublet, Harry & Co., engineers, Curtain 
Road, London, has invented an improvement upon the 
existing mechanisms that ought to be weleomed by all 
users. The end in view is attained by mounting, on a 
suitable frame, three or more wheels, equidistant 
from each other, over which the knife or saw revolves, 
as shown in the accompanying drawing of a five- 
wheeled machine. B represents five wheels of equal 























BAND KNIFE FOR CUTTING FABRICS. 





diameter. the centers of which form a circle divided into 
five equal parts. A is an endless knife or saw, which 
passes over the five wheels. By the means employed, 
an equal and uniform tension is insured, giving the 
advantages required by users. 








GONDENSATION OF CARBON PARTICLES IN 
SMOKE. 


By Rospert Irving, F.C.S., F.R.S. Ed. 


In the Society’s Journal, May 31, 1889, there is a short 
note (communicated by me) on the condensation of 
carbon particles in smoke, and as it represents the ini- 
tial stage of the investigation, I make it the preface to 
the paper [aim to communicate this evening on the 
same subject. 

“In the manufacture of lamp black, hydrocarbons are 
burned in an atmosphere with a limited supply of oxy- 
gen, the resulting dense black smoke is conducted into 
large chambers, where, on account of the extremely 
slaggish draught, it is allowed to roll about until the 
particles, by attraction between themselves, gradually 
coalesce into masses, which after a lengthy period fall 
on the floor in the form of soot. This process is ex- 
ceedingly slow, and the product obtained, from even 
an enormous condensing space, is comparatively very 
swaill. Heer pee my this manufacture is one carried 
on on a limited seale, considering the nagnitude of the 
plant required. 

“T erected a glass structure 5 ft. x 4 ft. x 4 ft., in 
which were fixed two malleable iron plates, provided 
with a great number of points—these facing each other, 
the plates being separated by a distance of from two 
to three feet, and all the conducting surfaces, except 
these points, being carefully insulated with shellac 
varnish. This chamber was filled with smoke produc- 
ed by burning pitch oil, which retained its opacity 
for at least two hours, so much so that on then looking 
through the chamber, a bright light placed on the 
other side was totally obscured by the vapor. The 
chamber was now refilled with smoke, and the whole 
atmosphere therein was to a greater or less degree 
electrified by coupling the conductors, which were con- 
* nected to the plates with asmalldynamo. The effect 
immediately produced was exceedingly striking, the 
minute particles of carbon at once separated from the 
opaque smoke, and were attracted to or driven from 
the points of the plates, congregating together ina 
most extraordinary manner, and in the space of two or 
three minutes the atmosphere in the glass chamber was 
almost entirely cleared of smoke. The prohibitory 
cost of electricity has however prevented the applica- 
tion of this process ona large scale, for the present 
at least.” 

This led me to infer that the condensation of the 
minute particles of carbon in smoke into concrete 
luasses could be effected by simplerand cheaper means. 
l carried out a series of experiments by which smoke 
was rapidly agitated by mechanieal means. The re- 
sults were practicaily the same as those obtained by 
electric disturbance. 

fore proceeding to explain in detail these experi- 
ments, | wish to direct your attention to some of the 
properties of the products obtained when fuel is burn- 

. ore especially that known as coal. 

hen a microscopic slide is passed quickly over a 
smoky flame, a very thin, semi-transparent film is left 
on the glass, which, when examined under a powerful 
microscope, presents the app€arance of uumerous par- 
ticles of amorphous carbon, in a very finely divided 
condition, each particle surrounded by an areola, or 
coating of oily matter. 

Here we have an explanation of two things: First, 
why a black fog may be and will remain persistently a 
fog while rain is falling ; each particle of carbon being, 
80 to speak, surrounded by a waterpoof coating and 

nee repelling moisture. Second, when the rticles 
composing such a smoke fog are agitated, either by 
currents caused by changes of temperature or by a ver- 
tieal down draught of air, this oleaginous coating 
a the finely divided carbon particles to cohere, 
Orwing masses which the air cannot long support in 
Suspension, and their condensation into greasy black 


sMuts en f 
fen ~ Dope often with startling rapidity, and the 


duct of imperfectly burnt coal, is strongly heated, a 
large amount of empyreumatic matter is given off, 
which condenses on cooling into a brown greasy mass, 
consisting of crysene, pyrene, capvomar, etc., which 
causes ordinary lamp black to cohere like damp snow 
when pressed, while after calcination (during which it 
has been deprived of the oily or greasy watter) it loses 
this property. 

If we examine the smoke from a newly made (or 
mended) fire, we find at first only light blue and yellow 
brown colored vapors given off (consisting principally 
of the solid and liquid hydrocarbons before referred to), 
these passing into the atmosphere, with which, if I ma 
use the term, they ‘‘emulsify.” The first stage is fol- 
lowed by the combustion of these products, which, as 
the coal becomes heated, are resolved into gases, which 
burn with a smoky flame. It is at this stage, owing to 
the imperfect combustion of these gases, that we have 
finely divided particles of carbon formed, and the black 
smoke so produced is added to the grease-laden air of 
the first stage, and so long asthe atwosphere into which 
these products are poured remains cold, damp, and 
still, what is known as a black or brown fog results. 

In the last or perfect combustion stage, after all the 
volatile or bituminous matter has been driven off as 
peeaen burned (represented by a red, glowing, smoke- 
ess mass of burning coke), we have nothing but car- 
boniec acid and water and some sulphurous cow pounds 
given off, which also pass into the air, but black fog 
cannot result from such products. 

Taking the total products from a coal fire, consisting 
of permanent gases, carbon, greasy hydrocarbons, aud 
water all together, the percentage amount of the car- 
bon is very small, yet so great is its power of obstruct- 
ing the light, that the amount present in the blackest 
fogs of our large towns is represented by the iasignifi- 
cant quantity of blacks or smuts which fall to the 
earth when the fog clears. This is estimated at 3 per 
cent. of the whole smoke. 

We are aware that dense fogs disappear in many 
cases without fapparent atmospheric changes or wind 
storms to drive away the smoke. This may be as al- 
ready stated due to electrical disturbances or convec- 
tion air currents, or to sudden rise of temperature in 
the atmosphere in which the smoke matter is suspend- 
ed. In any and all cases, however, the effect is the 
same, viz., the agglomeration of the minute carbon 
particles into masses too heavy for the atmosphere to 
retain themin suspension ; this agglomeration being 
due to the presence of hydrocarbons, which we have 
found to accompany or clothe each carbon atom in the 
smoke, and which causes it to deposit upon and defiie 
buildings, trees, flowers, and other objects of beauty 
in and around our cities. 

In a smoky town, when a breeze prevails, the smoke, 
in its horizontal passage through the air, gradually 
parts with its greasy coated carbon to anything which 
impedes its progress, so that only a few miles away it 
loses its dolorous aspect, and assumes the soft, dreamy 
haze so dear to the soul of the painter, but which, 
after all, is only an air emulsion of finely attenuated 
particles of grease. 

This smoke and fog question, from an economic point 
of view, presents interesting features. The Hon. Rollo 
Russell, in a lecture delivered under the auspices of 
the National Smoke Abatement Institution, states 
that 20,000 tons of coal are consumed per diem in Lon- 
don alone. We will therefore, taking the solid carbon 
prodaced at only 3 per cent. of the coal burned, have 
600 tons of smuts which will ultimately descend either 
on the city or in its immediate vicinity, and taking the 
volatile hydrocarbons at 10 per cent. of this amount of 
coal, we will, from the same source, have a daily pollu- 
tion of the air to the extent of 2,000 tons of tar and 
other coal products. 

As a chemical manufacturer, I sigh when I think of 
all this valuable material lost to us, either in the form 





MICROSCOPIC VIEW OF SMOKE PARTICLES 
SHOWING “AREOLA” OF HYDROCARBONS 
SURROUNDING THEM. 


of wasted heat producers or valuable chemical pro- 
ducts in the shape of aniline colors, ammonia, burn- 
ing otls, paraffin waz, printing ink, ete., which, di- 
voreced from their natural channels, are floating about 
in the atmosphere, veiling the sweet sunlight and 
choking the lungs of both animal and vegetable life. 
Of course, if we could overcome our sentimental de- 
sire for the cheerfal though smoky blaze of the coal 
fire, and burn carbonized coal in our grates, these solid, 
liquid, and gaseous hydrocarbons would be saved and 
made profitable use of. In this case ourchimneys might 
become ornaments to our houses, while the products of 
combustion would pass from thence as colorless gases. 
Bat if we will insist on burning green coal, it is pos- 
sible for us todo so and have the enjoyment of the 
blazing fire by constructing our house grates so that 
the green coal may be introduced at the bottom (as is 
now successfully accomplished in some forms of steam 


regulated supply of air) up through the mass of incan- 
descent coke, which by this means would occupy the 
yy even of the fire instead of the lower. 

y attempts have been made to introduce such a 
perfect combustion grate, but the usual condition of 
the atmosphere of our large towns proves that, as yet, 
either a scientifically constructed grate, or one requir- 
ing extra care or involving extra attention on the part 
of the class who minister to the ‘‘ smoke fiend,” is far 
from general adoption. 

In the coke iron industries much has been done 
in the direction of utilizing the gaseous and liquid pro- 
dacts obtained from carbonized or partially coked coal, 
and processes are in general use by which these instead 
of being wasted are profitably made use of. 

Efforts have been and are being made to introduce 
such carbonized coal (or coke) into use for household 
firing, and experience has proved its use to be twice as 
economical as ordinary coal, while it is impossible to 
prodace smoke from it. But sentimenta! prejudices 
prevail over all such considerations as health, beauty, 
and what is more wonderful, money. Nor will there 
be an end of the allied sine of waste and dirt which we 
so strongly cling to(and which in this connection Rus- 
sell, in his — before} referred to, estimates costs 
the city of London alone ue six willion of money 
sterling) until the law compels us to burn smokeless 
fuel either in the form of coke or gas. 

Consequently upon the failure (from a money point 
of view) of the condensation of smoke particles by 
means of electric currents, as already explained, | tried 
to obtain the same results as were then observed, by 
mechanical agitation of smoke, and [I constructed a 
flue or chamber, partly horizontal and partly perpen- 
dicular, through which dense smoke, obtained by 
burning naphtha at the one end, was passed. In this 
chamber (which was a box about 20 ft. long and 1 ft. 
wide) were placed two sets of fanners, which were made 
to revolve near the point where the smoke entered, so 
that it might be driven about in the confined space, 
my idea being that under these circumstances the par- 
ticles of oily-coated carbon would by their impact coa- 
lesce into large siwuts and condense én silu. 

On starting these experiments the smoke was allow- 
ed to pass through the apparatus undisturbed, and at 
the exit end of the flue a loose plug of white cotton 
wool was placed, so that the smoke had to pass through 
it without its exit being impeded. Two minutes after 
this plug was applied the amount of carbon condensed 
among the fibers had blackened it completely. A sec- 
ond plug replaced the first, which was again black- 
ened inthe same space of time. The fanners in the 
box were now set in motion, and what followed was 
observed through spy holes in the box and flue, both 
behind and in front of where the fanners were at work. 
Before agitation there was the dense brown black 
homogeneous cloud which the undisturbed smoke pre- 
sented. After agitation we had an effect very siwilar 
to the breaking up of a mist scene among the hills; 
large, veil-like black streaks taking fantastic anon 
and a continuous shower of large particles of carbon 
falling within the flue or chamber, a few feet from the 
ee where the agitation of the smoke had taken 
place. 

At this stage another plug of white cotton wool was 
placed at the exit of the flue; after two minutes this 
presented only a gray appearance. A second and a 
third plug exposed for the same time to the process 
showed less and less coloration, while the plug applied 
at the end of eight minutes showed hardly any stain, 
showing that most of the carbon particles in the swoke 
had been condensed. The same end can bearrived at 
by employing air jets so as to throw the smoke into 
rapid circulation. Of course the prodaction of smoke 
was continuous during the experiments, 

Ihave endeavored to repeat this experiment with 
smoke free from ewpyreumatic products, but the diffi- 
culty is to get smoke in such a condition. When gas 
is used for the production of carbon in the shape of 
fine lamp black, the smoke does not contain empyreu- 
matic matter in any large proportion, but of course a 
large quantity of water vapor accompanies the carbon 
particles ; and as the heated gases and water become 
cold, each particle of carbon is surrounded by con- 
densed water which acts in the same manner as already 
described, in causing the particles to coalesce into 
large masses. 

We are all familiar with the result of introducing a 
cold body into a gas flame. For instance, if a white 
plate is placed over a gas jet, we have at once deposi- 
tion of carbon on the cold substance, which will not 
take place if the plate is heated to the same tempera- 
ture as the flame. Advantage is taken of this fact in 
preparing a very fine variety of lamp black. And in 
Awerica, where gas is given off in large quantity from 
the oil wells, a large trade has sprung up for the wanu- 
facture of what is called gas black. 

Simultaneously with wy observations on this smoke 
cure questio#, Mr. Elliott, of Queen Street, Cheapside, 
has introduced a means. of swoke condensation, using 
an apparatus which virtually washes the smoke with 
water. I take the following descriptive account from 
a London paper: 
“Mr. Elliott’s apparatus virtually washes the smoke 
and converts it into innocuous steam, and turns the 
deleterious parts into lamp black and other coloring 
material. It can be attached to any chimney or works 
without interfering with the ordinary operations. Tho 

rocess is simple. The smoke is drawn from the fiue 

y a fan with a closed chamber in which a rapidly re- 
volving paddle wheel acts like a washing machine. 
The black thick smoke which enters emerges as _ color- 
less steam, which leaves no smell on a cawbrice handker- 
chief. The transformation is complete.” 
Such appliances as Mr. Elliott’s washer, and agitat- 
ing smoke in chambers, may be adopted in factories, 
when the smoke may easily be deprived of its carbon 
and hydrocarbons (and even the carbonic and sulphur- 
ous acids may thus be profitably utilized). That is to 
say, there is now no difficulty in preventing the ewis- 
sion of colored smoke from any factory chimney. In- 
deed, were the law to insist upon this being done, coal 
users would in the end find it to be to their profit. 
This remark applies equally to the largest factories 
and to the ordinary bakery. Perkaps then this is 
enough for the fulfillment of our duty as representing 
the Society of Chemical Industry. As yet we have 
been wholly unable to deal with the domestic smoke 





boiler furnaces), by which means the hydrocarbons 





if commercial lamp blaek, or soot, which is the pro- 


given off from the coal are made to pass (with a 


nuisance, which is almost as serious a to vope 
with as that of domestic drainage. 
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| need not further urge the immense importance of 
some means by which the enormous waste of valu- 
able material way be prevented, Macauley, in a lec- 
tare delivered at Liverpool in February 1888, estimates 
the awount of coal wasted in this couutry per annum 
at 45,000,000 tons, costing 15,750,000/, at the pit mouth. 
We have seen in the experiments | wade when smoke 
was agitated in a confined space, that it could be de- 
prived of its carbon, The same thing can, of course, 
be effected by filtering the smoke through a porous 
material, or washing with water, but the adoption of 
any such plans as these would necessitate the entire 
reconstruction of our dwelling houses, and is conse- 
quently not to be thought of, even if it could be prac- 
tically carried out. The only real soarce open to us 
seems to be in the use of a smokeless fuel in our domes- 
tic fire grates, or a grate which will prove in every re- 
spect a successful smoke consumer where coal is used. 

Did time permit, | would lay before you statistics as 
to the additional sum in money which would be saved, 
added to what at present is lost (in consuming bitumin- 
ous coal) by adopting such a fuel or grate, and in addi- 
tion/an appalling catalogue of death caused to animals 
and plants, which would be avoided.—Jou?. Soc. Chem. 
Industry. 


(Contineed from Surriement, No. 791, page 12643.) 
THE POWER OF WATER, OR HYDRAULICS 
SIMPLIFIED. 
By G. D. Hiscox. 
JETS AND FIRE NOZZLES. 


THE velocity of a jet at the orifice is the same at all 
angles from horizontal to vertical, and where the flow 
behind the orifice is unobstructed by friction, is equal 
to a coefficient for the form of the aperture multiplied 
by the square root of the product of twice gravity 
multiplied by the height in feet, for which the 
formula is 


C. 4/ 2g Xh = velocity in feet per second. 


The greatest range of a horizontal jet on the floor 
line of a tank is when the orifice is placed in the middle 
of the water head, as shown in Fig. 16, while jets from 
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equal distances from the water head and floor line will 
meet at the floor line, as shown in the cut. 

The curved form of these jets is that of a section of a 
parabola from its axis, which corresponds with the 
front line of the tank. 

Using the terms as expressed in Fig. 16, for the! 
distance that a jet will touch the horizon of the bot- 
tom of the tank, the coefficient of the velocity multi- 
plied by twice the square root of the pressure head 
(h') multiplied by the height of the center of the orifice 
above the floor (A B), equals the distance from the line 
of the tank that the jet will strike the floor—or, using 
the best form of orifice, 


09 fA Xh x2=2, 


the distance as in Fig. 16. 
For example with 2 = 10 ft., h’ = 10, then 


s/ 10 X 10 = 10 x 2 X 0°98 = 18°6 feet, 
at which point the jet touches the floor line at B. 


je 


A being the height or head in feet of the source of 
supply, and not allowing for friction in intermediate 


i pes. 
- The height of the jet may be computed from the 
formula - 


29 
or the square of the velocity divided by twice gravity 


equals the height of the jet. 
For example, as illustrated in Fig. 17, with a head, h, 
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of 64 feet and a nozzle of best form, the computation 
becomes Pits 
0°93 x 4/64°33 x 64 
the last terms of which may be wultiplied together 
aud the square root taken, or the square root of each 
member taken and multiplied, which reduced = 0°93 
< 8°02 x 8 = 59°66, the velocity of the jet at the nozzle 
in feet per second, and 
59°66? 
—— = 55°32 feet, 
64°33 
the height of the jet from a head of 64 feet. 
This does not include the friction in the reservoir or 
pipes leading to the nozzle or orifice. By using the co- 
ficients for various forms of nozzle, the height of the 





In the same way, using the above formula, the jet 
from both the top and bottom orifice will 
the floor line at eight feet from the front of the 
tank. 

The quantity of water discharged by these jets 
will be 


area in square inches 
eoeficient X —$——— 
M44 


ume in cubic feet per second : as 


“/ 2g = 8°02 
the square root of the head in feet from the center of 
the oritice to the surface of the water may be used 
< by 8°02 for facilitating computation. 
For example, taking the middle orifice in Fig. 16 at 
one inch in diameter, then the equation will be with 
the best form of orifice, and ”’ = 10 feet, 


1” < 0°7854 
0°98 x ——-———. X 8:02 X:« «+f 10 = 0°138 of acubic foot. 
4 





x 4/29 X h” = vol- 


per second. 

Let it be here understood that static height and 
pressure by gauge in pipes, tanks and stand pipes are 
convertible terms, so that, where gauge pressure is ex- 
pressed in pounds per square inch, it should be multi- 


plied by 2 3093 for its equivalent height of head in feet, | 


aud when head in feet is expressed, it should be multi- 
plied by 0°433 for pressure in pounds per square inch. 
For vertical jets or fountains the coefficient of velocity 
may vary for various forms of orifice, as shown in a 
former chapter, from 0°62 to 0°93 per cent. of the theo- 
retical effect. 


city becomes 
_ 098 4/29 Kh 


velocity in feet per second, 


touch | 





an exhaustive trial by John R. Freeman, ©.E., result. 
edinaform probably the most perfect yet attained, 
having a coefficient of 0976 for a 1% inch nozzle, 
and a trifle greater coefficient with a % inch andj 
4 ineh nozzle of the same form on the sawe plug pipe, 
the advant of the smaller stream being due to the 
less velocity friction between the pressure gauge at the 
foot of the butt and the nozzle. 

This form is shown in its exact proportions in 


Fig. 18. 
The loss of pressure in standard fire hose of ineh 
diameter with a fairly smooth inner surface is, in ex- 











Mig. 18 
Coefficient .976 





periments by Freeman, from 13 to 14 pounds per 
square inch for each 100 feet in length. 

The following table gives the extreme height of fire 
streams for various pressures, and water heads. as 
gauged at the butt, with best form of fire nozzles of 
two sizes, the intermediate sizes being proportional to 
their areas. (From Freeman's experiments.) 








Height of Height of 
Pressure Ibe, Head in stream. stream. 
per sq. in. feet. % nozzle. 134 nozzle, 
Feet, ‘eet, 
25 57-7 49 51 
43°3 100 82°5 88 
50 115°5 92°3 101°2 
70 1616 113°5 131°8 
86°6 200 127 150°7 
100 230°9 133°2 1589 











The loss of pressure or water head by friction in long 
hose is very serious, so that to maintain a % inch 
nozzle jet of 100 feet in height, which would require 
about 60 pounds pressure if thrown from the engine, 
would require 65 lb. with 50 feet of rubber-lined hose ; 
69 lb. with 100 feet ; 75 lb. with 200 feet ; 89 ib. with 
400 feet ; and 116 lb. with 800 feet. 

With a limited pump pressure the height of the 
stream would fall in proportion with the increase in 
length of hose. For standard 24 inch hose the differ- 
ence in required pressure for a given height is con- 
siderably greater for nozzles above % in. diameter 
and less for those under % inch diameter than 
the differences above stated, the experiments show- 
ing that for 70 lb. pressure with 14 in. nozzle and 
50 feet best rubber-lined hose an effective fire stream 
of 81 feet in height could be attained, while with 250 
feet of hose it was found to be only 61 feet, and with 
500 feet of hose a height of only feet could be at- 
tained. 

The following table will be found very convenient 











for reference as to the theoretical velocity, discharge, 


























VELOCITY, DISCHARGE, AND HORSE POWER OF NOZZLES. 
3 | Diameters of Nozzles. 
2 | 
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| vertical jet will be found to vary from 97 per cent. to 
| 62 per cent. of the whole height, or, if the jet is taken 
|from water mains, the gauge pressure multiplied by 
2°3093 will represent the hydrostatic height to be used 


in the formulas. 


The retardation by friction of the atmosphere affects 
height as given by the formulas to a considerable de- 
gree, small jets and any jets under high pressure be- 

| ing most retarded by air friction, as shown farther on 
is : 
Taking the best form of nozzle, the formula for velo-|i® the table of actual heights from Freeman’s ex- 


periments. 


The form of nozzle for fire streams has been the sub- 
ject of experiment for many years, and has finally, in 








and horse power of nozzles of various sizes from 1 in. 
to 4 in., and for various heads from 1 foot to 1,000 
feet. 

The first column represents the height or head of 
water, the second colawn the theoretical velocity 
through nozzles of good form, without deduction for 
friction in pipes or flumes leading to the nozzles. The 
first column under the size of nozzle is the flow in 
enbie feet per second, the second that of the theore- 
tical horse power, no allowance for the coefficient for 
water wheels being made, which amounts to from 
to 86 per cept. of the power here given. 

(To be continued.) 
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ORIGIN OF THE STEAM ENGINE AND OF 
THE UTILIZATION OF SOLAR HEAT. 


Mr. LOREDAN LARCHEY recently published in these 
yages the story of Anthemius, who in times of old made 
pe application of the expansive force of steam, As the 
author supposes, the narrative that he recalls was 
known to those who have occupied themselves specially 
with the history of steam. Heron, of Alexandria, in ad- 
dition to the eolipyle, devised several apparatus based 
upon the vaporization of water that may be found de- 
seribed in the Origines de la Science, which forms part 
of the Bibliotheque de la Nature. 

At the epoch of the Renaissance, a learned Italian, 


These vessels will be marked (see Fig. 1) A, B, C and D, 
ane there will be a tube, E, piaced u them to which 
will be soldered four branches, F. ese branches will 
be soldered to the top of the vessels, and extend nearly 
to the bottom of each one of them. After this it is 
necessary to solder to the center of the tube a valve, G, 
made and placed in such a way that when the water is 
making its exit from the vessels it can open, and when 
it has nade its exit, it (the valve) can be closed tightly. 
It is necessary also to have another tube, P, under the 
vessels, and which also will bave four branches that 
will be soldered against the bottom of the vessels, and 
likewise a valve, H, at the end of which there will bea 





tube that will descend to the bottom of the water, 


























Fie. 1—DE CAUS APPARATUS FOR UTILIZING 
SOLAR HEAT. 


the celebrated Porta, likewise, in imitation of the 
Greek engineer, conceived the idea of utilizing the 
foree of steam. The following is Jean Escrivano's ac- 
count of the conception of the Porta apparatus, as 
found io an Italian edition (J tre libri spiritali, Naples 
1608) that he gave of the Book of Pneumaties (Pneu- 
maticorum libri tres, Naples, 1601) of the Neapolitan 
physicist—an edition to which he adds several passages 
that he had from the mouth of the author himself : 

“ Make a glass or tin box, and form an aperture in 
the bottom, through which will pass the neck of a dis- 
tilling flask containing one ounce or two ounces of 
water. The neck must be cemented to the bottom of 
the box in such a manner that nothing can escape 
thereby. From this same bottom let there start a con- 
duit whose opening nearly touches it, the interval be- 
ing just that which is necessary to allow the water to 
flow into it. Let this conduit pass through an aperture 
in the cover of the box and extend outside to a small 
distance from the surface. The box is to be filled with 
water through a funnel that must afterward be tightly 
corked, so that no air shall be allowed to escape. 
Finally, let the flask be placed upon the fire and be 
gradually heated, aud then the water converted into 
steam will press the water in the box, and force it, and 
cause it to make its exit through the conduit and flow 
to the exterior. 

“ Continue ever thus to heat the water until no more 
of it remains, and so long as the water seetines, the air 
will press the water in the box and the water will 
make its exit at the exterior. When the evaporation 





is finished, find by measurement how much water 








which latter will be in a cistern, I. There will be also 
in one of the vessels an aperture. 

It will be necessary to expose the machine in a place 
where the sun can shine upon it, and then to pour 
water into the vessels through the aperture, M. This 
water will enter all the vessels through the tubes, and 
the said vessels must be filled one-third fall. The air 
that was in the place of the water will make its exit 
through the vents, 3, 4, 5,6. Afterward it will be neces- 
sary to well cork the latter, so that no air can escape 
from the vessels ; and while the sun is shining upon the 
wachine, a compression will take place because of the 
heat, . and this will cause the water to rise in 
all the vessels to the pipe, E. and make its exit through 
the valve, G, and the tube, N, then fall into the basin, 
O, and thence into the cistern, I; and as a quantity of 
water will have made its exit through the violence of 
the sun’s heat, the valve, G, will close, and after the 
heat of the day is over and night supervenes, the ves- 
sels, to prevent vacuity, will attract water from the 
cistern, by means of the valve, H I, in order to fill the 
vessels as they were before. This movement will con- 
tinue as long as there is any water in the cistern and 
the sun shines upon the vessels ; and it must be noted 
that the valves, G and H, should be made very light, 
and also that a should be very tight, so the water 
cannot descend when they are mounted.” 

Salomon de Caus, in his remarkable work, describes 
another —— of the same kind that we represent 
in Fig. 2. he frame, A B, should be so constructed as 
“*to permit several burning glasses to be set into it, 
these being so placed that the rays converging from 








Fie. 2.—DE 


has been forced from the box, and it will be seen that 
astmuch remains as has made its exit from the flask, 
and one way conclude from the quantity of water that 
has flowed out how much air it was converted into.” 
Salomon de Caus (Les raisons des forces mowvantes, 
Paris, 1624, liv. L., probl. xiii) gives au analogous ap- 
plication to the movement of water through the heat 
of the sun. He calls his apparatus the ‘Continuous 
fountain” (Fig. 1), and deseribes it thus : 
his machine will have a great effect in warm 
places, like Spain and Italy, inasmuch as the san ap- 
pears almost every day in such places with great heat. 
and especially in summer. The construction of it will 
as follows : It is necessary to have four copper ves- 
Seis well soldered all around, which should be each 


CAUS APPARATUS FOR RAISING 
WATER BY SOLAR HEAT. 





about a foot square and eight or nine inches in height. 


them may be concentrated upon the vessels, which. be- 
ing heated by the sun, will cause the water to rise in 
large quantity.” 

De Caus recommends that a tube, C D, be passed 
through a wall, in order to lead the water toa small 
fountain on the other side.— La Nature. 








THE LONDON, OHIO, WATER SUPPLY 
SYSTEM. 


THE water supply system at London, Ohio, was com- 
pleted and putin operation last December. The works 
were constructed by John P. Martin, of the Ohio Val- 
ley Water and Contracting Company, assisted by Frank 


city pays $5,000 yearly rental for 100 hydrants, the 
guaranteed quantity of water to be supplied being 
1,500,000 gallons daily. 

The pumping station and stand pipe are situated on 
a plot of land on West High Street. The pumping 
station is a brick structure, built on a 10 foot stone 
foundation. It is forty feet square, has an ornamental 
slate roof, and is practically fireproof. The ventilator 
cupola is surmounted with a finial and weather vane. 
The octagon brick smokestack is 65 feet high, and has 
a painted iron cap. The pumping room is cemented 
on the sides and floor, the latter being ten feet below 
the surface. ies have been construeted for the 
convenience of visitors. The power consists of one 
compound duplex pum engine of 1,200,000 gallons 
and one high pressure duplex engine of 800,000 gallons 
daily io ager fi both of which can furnish 500,000 gal- 
lons more daily than called for by the contract. These 
pumps are of the Gordon make, of Hamilton, O., and 
were furnished by the Boughen ang mages Spry 
of Cincinnati. The boiler room has two 54inch 12 
foot steel boilers, fed by a strong pump of the same 
make as the others. A large coal room faces one end 
of the boilers, while a wash room and closets are locat- 
ed in their rear. 

The stand pipe, which rests upon a foundation of 
cement 8 feet thick and 38 feet in diameter, is made of 
rolled steel, the lower plates being 5¢ inch and the up- 
‘oe inch thick. It is 125 feet high and has a diame- 

er of 20 feet and capacity of 295,000 gallons. This 
height gives a pressure through the pipes of 55 pounds 
to the square inch. It was built by Armstrong Bros., 
of Springfield, O., who also furnished the boiler in the 
pumping station. 

The water supply, which is of exceptional purity, 
comes from three artesian wells. 

The well known as No. 1 is located near the trestle 
at Oak Run Creek. It is 70 feet in depth and yields 
about 800,000 gallons every twenty-four hours. It has 
no cistern. The analysis of 100, parts of the water 
from the well gave the following result : Free ammonia 
0°0582; albuminoid ammonia, 0°0086; chlorine, 0 45; 
oxygen consumed, 0°16; nitrous acid, pone; total 
solids, 43°6. 

No. 2, to the northwest of the stand pipe, is 171 feet 
deep. Wheu in course of construction the water rose 26! 
feet above the surface,and this natural flow was utili 
to fill the first three rings of the stand pipe. This well 
now has a storage basin 31 feet in diameter built imme- 
diately around it to a depth sufficient to hold 100,000 
gallons. Over this tank is a twelve-sided frame build- 
ing with a pagoda roof. 

Well No. 3 flows 600.000 gallons of pure water per 
day. Its depth is 165 feet and it has been flowing a 
54% inch stream twelve feet above the ground. A cis- 
tern, 43 feet in diameter and 20 feet deep, with a ca 
city of 200,000 gallons, stores the water. The surplus 
flow of this well is conveyed by pipes to the near-by 
ice pond. This cistern is covered over with a water 
tight floor, except in an 18 foot cireular building sup- 
ported on iron pillars. On the inside of this structure 
is a three-foot walkway, supplied with railing and 
baleony, from which the visitor can view the wonder- 
ful flow and capacious cistern, 

The arrangement of the pumping plant is such that 
one or both pumps can be used, likewise the boilers. 
Ordinary service pressure is given from thestand pipe. 
In case of fire an electric alarm notifies the engineer, 
and the pumps are started. The pressure can be in- 
creased to 200 pounds per square inch if n ° 
The combined volume of water eee at all times for 
use is 600,000 gallons, with two flowing wells and one 
ordinary well to keep up the supply. The valve sys- 
tem is so complete that it is not only easy to cut off or 
draw from any one cistern or all, but also from any 
ove well or wore. 

The distributing system includes 11 miles of 4 to 14 
inch cast iron pipe, aud the 101 double nozzle hydrants 
are so distributed that with 200 feet of hose any build- 
ing in the town can be reached by a stream. 

The system of wains is subdivided by seventy-five 
vaives, or water gates, in such a way that any portion 
of it can be disconnected from the whole at will Thus 
repairs ay be wade without occasioning more than a 
temporary local inconvenience. 

The pipe was furnished by the Addyston Pipe and 
Steel Co., of Cincinnati, and the valves and hydrants 
by the Bourbon Brass and Copper Works, of the same 
city. The pipe laying was done by RK. B. Carothers, of 
Newport, Ky.—-Fire and Water. 








THE MIRAMICHI FIRE OF 1825. 


ABRAHAM GESNOR's “‘ New Brunswick ” contains an 
account of the forest fires in Northumberland county, 
New Brunswick, which desolated the district of Mira- 
michi, October 7, 1825. In only one hour, New Castle, 
the present capital, Douglaston, and all the villages 
along the north side of the river Miramichi were en- 
tirely destroyed ; 160 persons and 875 cattle are said to 
have perished, and nearly 600 buildings were destroyed. 
The preceding summer had been excessively hot 
throughout North America, and there had been little 
rain to refresh the parched and withered vegetation ; 
violent forest fires had in Canada, Nova Scotia 
and Maine, and although New Brunswick had not es- 
caped, the inhabitants of the province were not 
hensive, on account of their remoteness from the de- 
structive element. 

The intense heat of the season did not pass awa’ 
with the summer, but was still unabated on October 7. 
That day was perfectly calm, and —-, sultry, 
inducing a condition of lassitude. be heavens wore 
a purple tint, and clouds of black smoke hovered over 
Miramichi. Still none of these signs was ominous to 
her ple, who might have taken warning from the 
cattle in the pastures, for they became terrified and 
gathered in groups, and even the wild animals of the 
wilderness rushed out and sought refage among the 
tamer breeds. 

* Atseven o’clock P. M. a brisk galesprang up, which 
by eight o’clock had increased to a swift hurricane 
from the west, and soon afterward a loud and almost 
appalling roar was heard, with explosions and a crack- 
ling like that of discharges of musket The air was 
filed with burning pieces of wood cinders, which 
were driven along by the gale, igniting everything 
The roaring grew louder, and 





©. Smith, C. E., eogineer of the company, under a 
twenty years’ franchise, by the terms of which the 


upon which they fell. 
sheets of flame 


seemed to pierce the sky.” It is un- 
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necessary to give any details of the terror, horror and 
despair whiek seized upon all living creatures. “* The 
whole surface of the earth was on fire, and everything 
of a combustible nature united iv sendiug up the last 
broad flame, which laid the country, with its towns, 
villages and settlements, in heaps of smouldering 
ashes.” Fishes perished in the streams from the in- 
tense heat of the burning forests that chanced to over- 
hang them, nor did the swift wings of birds offer them 
a weans of escape. The famous conflagration was not 
confined to the district of Miramichi, but overspread 
an area of 6,000 square miles. 


material from which they were made, Prof. Crookes 
dissolved cellulose in a strong solution of ammouium 
copper sulphate, dried up the solution into sheets, dis- 
solved out the copper, and used the horn-like material 
rewaining for filaments. The lampsin the inventor's 
house fitted with such filaments remain still in good 
working condition. In 1881 he acted asa juror at the 
International Exhibition of Electricity in Paris. His 
system of lamps was, of course, debarred ex-officio from 
competing, bat his fellow jurors remarked in their 
award on the four systems of lamps before them, that : 
“None of them could have succeeded had it not been 
for those extreme vacua which Prof. Crookes has taught 
us to manage.” The * Crookes incandescent lamp” 





WILLIAM CROOKES, F.R.S. 


AMONG contemporary men of science, few, if any, | 
can present a more distinguished and varied career of | 
research and discovery than the newly elected presi- | 
dent of the Institution of Electrical Engineers, William 
Crookes. Though belonging by parentage, like Fara- 
day, to Yorkshire, he was born in London in 1832, just | 
in time, as he says, to escape having his mind ossified | 
by examinations. His tendency to experimental science | 
led him when a boy to the then comparatively virgin 
field of photography. In 1848 he entered the Royal 
College of Chemistry, as a pupil of the illuetrious Dr. | 
Hofwann. Here, at the early age of seventeen, he} 
gained the Ashburton scholarship. After two years’ 
study he became first the junior and then the senior 
assistant to Dr. Hofmann. In 1854 he was appointed 
to superintend the Meteorological Department of the 
Radcliffe Observatory at Oxford. In the following year 
he became teacher of chemistry at the Science College, 
Chester. In 1859 he founded the Chemical News, of | 
which he is still the proprietor, and which remains the | 
organ of chemical science in this country. In 1864 he} 
became editor also of the Quarterly Journal of Science, 
which he conducted down to 1880. 

Prof. Crookes entered upon original research while | 
still at the Royal College of Chemistry, his first results | 
being a paper on the seleno-cyanides, which he com- | 
municated to the Chemical Society in 1851, and which 
appeared in the Jowrna/ of the society in the same year. 

rom this paper, the greater part of the author's sub- 

uent researches, wultiform as they may seem, follow 
in legitimate filiation. His investigations on the com- 
pounds of selenium led him in 1861 to examine certain 
residues from the sulphuric acid works of Tilkerode, 
where he met with a then unknown substance which 
on thorough scrutiny proved to be the new wmetallic 
element thallium. In June, 1862, and in February, 
1868, he submitted to the Royal Society an elaborate | 
account of the newly discovered element, its sources, 
distribution,the methods for its extraction and purifica- 
tion, as well as of its characteristics, physical and chem- 
ical. Heshowed its occurrence in various kinds of iron 
and copper pyrites, in crude sulphur as well as in flue 
dusts. Bis election asa fellow of the Royal Society 
followed the same year. In 1864 he presented to the 
Chemical Society, of which he had been a fellow since | 
1850, an exhaustive account of thallium, embodying 
both his own researches and those of others, and in-| 
cluding tables of the qualitative and quantitative reac- 
tions of this metal. he research necessitated delicate 
spectroscopic investigations, and thus led Prof. Crookes 
to the study of the so-called ‘rare earths,” which has 
already proved so fruitful in his hands. 

In 1 he invented an improved process for the ex- | 
traction of gold and silver from their ores, based on the 
use of sodium amalgam in place of pure mereury. We 
may mention that he has recently devised a further im- 
provement in the treatinent of refractory gold ores by 
submitting them to the action of an alternating elec- | 
tric current while in contact with mercury cyanide | 
or other mercurial salts. In the year following he was 
appointed by the government to experiment and re- 
port on the use of disinfectants for arresting the spread 
of the cattle plague (rinderpest), which was at that 
time ravaging many parts of England and Scotland, 
and occasioning widespread alarm. In 1871 he was ap- 
pointed a member of the English expedition to Oran, 
with the object of conducting a spectroscopic exami- 
nation of the phenomena manifested during a total 
eclipse of the sun. In the following year he presented 
to the Royal Society a full account of his experiments 
for determining the atomic weight of thallium. Among | 
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|**Radiant Matter Spectroscopy : 


has, for a variety of reasons, not come into general 
use. The company which undertook their manu- 
facture had not sufficient capital to produce them 
on the large seale. Another company took the inven- 
tion up, but further operations were stop by the 
judicial decision in the Edison-Swan vs. rush case. 
Ve are not yet sufficientiy removed from the days 
when a judge could rule that ‘‘ in a liberal construc- 
tion, copper is tin.” 

In 1880 the French Academy of Sciences conferred 
upon Prof. Crookes an extraordinary prize of 3,000 fr. 
and a gold medal in appreciation of his researches in 
molecular physics and on radiant matter. 

On three successive occasions, namely, in 1877, 1878, 
1883, Prof. Crookes was selected by the Royal Society 
to deliver the Bakerian lecture. On the first occasion 
he discussed the “ Illumination of Lines of Molecular 
Pressure and the Trajectory of Molecules,” his dis- 
course being generally regarded as a model of deep 
thought and extreme experimental skill. His second 
Bakerian lecture summarized his experiments and ob- 
servations of ‘“‘ Radiant Matter.” His third Bake 
rian lecture, delivered on May 24, 1883, was devoted to 
A New Method of 
Spectrum Analysis.” This naturally leads to his re- 
searches on the rare earths, with which he has been 
engaged for several years, and which promise to lead 
to most important results. On attacking yttria by the 
process of ‘* fractionation,” he finds that it is resolved in- 
to at least five elements, possibly more, and there is no 
certainty that this analysis has reached completion. 





ae 
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other precautions adopted to insure accuracy, we may | 


mention that he executed the necessary weighings by | The new elements, or as Prof. Crookes calls them pro- 
means of a balance which admitted of being manipu-| visionally, ‘* meta elements,” differ wore in their phys- 


: = ical > a chemical geo It ate ame | 
tions on ** -| remarkable that substances whic ave nm foun 
**pulsion Resulting from Radiation.” To this question | capable of decomposition may still possess a definite 
is attention had been drawn in consequence of obser- ‘atomic weight. On studying closely the phenom- 
vations made when weighing heavy pieces of glass ap- | ena of these rare earths, Prof. Crookes has been led to 
paratus in his vacuum balance while determining the | the conclusion that the bodies whigh have generally 
— — ~ —y—4"- = a me- | been pee os as elements are not primordially distinct 
moir on this subject to the Royal Society in Decem-!or independent, but have been formed by a process 
ber, 1873, and between that time and 1880 he produced | of evolution remotely analogous to that witch = now 
eight other papers on collateral questions. These phe-| recognize as having been at work in the formation 
nomena are manifested by means of the radiometer, |of organic species. These views, a forecast of the 
otherwise known asthe “light mill.” This instrument | ‘* Chemistry of the Future,” were given to the world 
is capable of serving to measure the intensity of solar|in the presidential address which Prof. Crookes de- 
radiations, though not, it must be remembered, of light | livered before the chemical section of the British Asso- 
al |ciation at the Birmingham meeting, under the title 
| ** The Genesis of Elements.” He further developed the 


lated in a vacuum. 
In the same year he began hisinvesti 


one. 
In 1875 Prof. Crookes received from the Royal Society 


a royal medal in recognition of his chemical and phy- | 
sical researches. In 1876 he was elected a vice-presi- 
dent of the Chemical Society, and in the following year 
he became a member of the Council of the Royal So- 
ciety. In 1877 he was remarkably active. e de- 
vised the otheoscope, a wodified form of the radio- 
meter, and continued the study of repulsion derived 
from radiation, presenting his results to the Royal 
Society. He had succeeded in obtaining a vacuum so 
nearly approaching perfection that the pressure in it 
is only 0°4 millionth of an atmosphere. The result was | 
effected by means of an improved Sprengel pump. The | 
tudy of these high vacua ied to a twofold result : on 
he one hand it was found that at such extreme states 
of rarefaction gases lose their ordinary properties and 
pass into a fourth or ultra-gaseous state, which Prof. 
Crookes has designated as that of ** radiant matter.” 
On the other hand, they rendered the electrical glow 
lamp a practical possibility. Prof. Crookes’ house in 
Kensington Park Gardens, electrically lighted in 1881, 
was, we believe, the first house in London fitted up 
with the electric light. It may be interesting to state 


that the wires were chiefly laid with his own hands. 
To meet the difficulty of obtaining carbon filaments 
for the glow lamps, not possessing the structare of the 





same subject in his presidential addresses to the Chem- 
ical Society in 1888and 1889, and it constitutes without 


| doubt his grand contribution to the philosophy of the 


science. In the experiments which pointed to these 
conclusions electricity has constantly been appealed to 
for the diagnosis of the new bodies encountered. In 
1885, the Society of Arts awarded him a gold medal 
“for his improvements in apparatus for the produc- 
tion of high vacua, and for his invention of the radio- 
meter.” In 1888 he was awarded by the Royal Society 
the Davy medal, for “his investigations on the be- 
havior of substances under the influence of the electric 
discharge in a high vacaum.” 

The contributions of Prof. Crookes to the literature 
of science have been both numerous and important. 
We are indebted to him for the ‘** Third Report of the 
Cattle Plague Commission ;” for a book on ‘*‘ The Man- 
ufacture of Beetroot Sugar in England ” (1870), “‘A 
Handbook of Dyeing and Calico Printing” (1874), 
‘*Select Methods in Chemical Analysis” (1878; 2d 
edition, 1886); a manual of “ Dyeing and Tissue 
Priuting,” being one of the technological handbooks 
pre for the examinations of the City and Guilds 
of London Institate (1882). In conjunction with Prof. 


Odling and Dr Tidy, he issues reports on the composi-' Lond 








| tion and quality of the water supplied 1 London (188 
-1890). He has also written a‘ Solation of the Sew. 
age Question” and ** The Profitable Disposal of Sew. 
age.” He has edited the English version of Kerl's 
‘Treatise on Metallurgy” and the three last editions 
of Mitchell’s ‘‘ Manual of Practical Assaying.” He hax 
translated into English and edited Reimann’s “ Ani- 
line and its Derivatives; Waguer’s great work oy 
‘*Chemical Technology” ( second edition of which is 
in course of preparation); Auerbach’s “ Anthracene 
and its Derivatives ;” aud Ville’s ** Artificial Manures,” 
the second edition of which appeared in 1882. A list 
of the memoirs which he has contributed to the jour- 
nals of the Royal and the Chemical societies would far 
exceed our limits. 

In all public questions in which science is concerned 
he has taken a prominent and useful part. He is re- 
cognized as an authority on sanitary reforms, especially 
as regards the purification of sewage and the improve- 
ment of the condition of rivers. 

He has continually, and so far successfully, opposed 
the adoption of the arbitrary “ proposals” of the 
Rivers Pollution Commissioners, and he sees no ground 
for the discontinuance of the present water supply of 
London. In leaders and reviews he hax steadily con- 
demned the system of examinations prevalent in Eng- 
land as caleulated to destroy original thought. He ig 
one of the signatories of Mr. Auberon Herbert’s ** Pro. 
test against the Sacrifice of Education to Examination.” 
Wherever the claims of science or the rights of scien- 
tific men are neglected, Prof. Crookes is always ready to 
speak ont. His career conveys an important lesson for 
the student. It is not merely the exceptionally sug. 
gestive character of his wind and his promptitude 
in appreciating every phenomenon presenting itself 
which have enabled Professor Crookes to carry out 
such a quantity of important work. He 
that “infinite capacity for taking pains,” and that 
methodical spirit, without which genius and learning 
are thrown to waste. 

Every research in progress and in particular every 
result is duly recorded in a special note book. Refer- 
ences to any work by other scientists bearing on the 
saine or collaterial subjects are registered and every 
book in his extensive library, and every document in 
the pigeon holes of his work table are carefully indexed 
for reference. Without the economy of time and 
energy thus effected, not nalf of his work could have 
been accomplished.—The Electrician. 








ELECTRICITY IN TRANSITU ; FROM PLENUM 
TO VACUUM.* 
By Prof. WILLIAM CROOKEs, F_R.S. 
INTRODUCTION. 


WHILE steadily bearing in mind that I have the 
honor to address a society, not only of physicists, but 
of electrical engineers, I shall not, I hope, be out of 
order in venturing to call your attention to a purely 
abstract phase of electrical science. Numberless in- 
stances show that pure research is the abundant source 
from which spring endless streams of practical appli- 
cations. We all know how speculative inquiry into the 
influence of electricity on the nervous systems of ani- 
mals led to knowledge of current electricity, and 
ultimately to the priceless possession of the telegraph 
and the telephone. The abstract study of certain wmi- 
croscopic forms of parasitic vegetable life has enabled us 
to give to fermented solutions of sugar the exact flavor 
and aroma of the most highly prized wines, and proba- 
bly, ere long, will put us in a position to increase at 
will the fertility of thesoil. In adifferent direction the 
samme class of abstract researches applied to wedical 
science has brought us within measurable distance of 
the final conquest over a large class of diseases hither- 
to incurable ; and without egotism I may, perhaps, be 
allowed to say that ny own researches into high vacua 
to some extent have contributed to the present degree 
of perfection of the incandescent lamp. Surely, there- 
fore, while eagerly reaping and storing the harvest of 
practical benefits, we must not neglect to scatter more 
seed for future results, perchance not less wonderful 
and valuable. 

In another respect I deviate to some extent from the 
course taken by many of my predecessors. I am about 
to treat electricity, not so much as an end in itself, but 
rather as atool, by whose judicious use we may gain 
some addition to our scanty knowledge of the atoms 
and molecules of matter, and of the forms of energy 
which by their mutual reactions constitute the uni- 
verse as it is manifest to our five senses. 

I will endeavor to explain what I mean by charac- 
terizing electricity as a tool, When working as a 
chemist in the laboratory, I find the induction spark 
often of great service in discriminating one element 
frow another, also in indicating the presence of hith- 
erto unknown elements in other bodies in quantity far 
too minute to be recognizable by any other means. In 
this way chemists have discovered thallium, gallium, 
germanium, and numerous other elements. On the 
other hand, when exawining electrical reactions in 
high vacua, various rare chemical elements become in 
turn tests for recognizing the intensity and character 
of electric energy. Positive and negative electricity 
effect respectively different moveinents and luminosi- 
ties. Hence the behavior of the substances upon 
which electricity acts may indicate with which of 
these two kinds we have todeal In other physical 
researches both electricity and chemistry come into 
play simply as a means of exploration. 

In submitting to you certain researches in which 
electricity is ased as a tool, or as a means of bringing 
within scope of our senses phenomena that otherwise 
would be unrevealed, I must fora moment recall to 
your minds the now generally accepted theory of the 
constitution of matter. 


KINETIC THEORY OF GASES. 


Matter at its ultimate degree of extension is conjec- 
tured to be not continuous, but granular. Maxwell 
illustrates this view as follows : To a railway contractor 
driving a tunnel through a gravel hill, the vel may 
be viewed as a continuous substance, To a worm, 
wriggling through gravel, it makes all the difference 
whether the creature pushes against a piece of gravel 
or directs its course between the interstices. To the 
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worm, therefore, gravel seems by uo weans howogene- 
ous and continuous. ; 

With speculations as to the constitution of liquid and 
solid matter I need not trouble you, but wi!'l proceed 
at once to the third or gaseous state of matter. 

The kinetic theory of gases teaches that the consti- 
tuent molecules dart in every possible direction with 
great but continually Te velocities, coming almost 
ceaselessly in mutual collision with each other.* The 
distance each molecule traverses without hitting an- 
other molecule is kaown as its free path ; the average 
distance traversed without collision by the whole num- 
ber of inolecules of a gas at any given pressure and tem- 
perature is called the mean free path. The molecules 
exert pressure in all directions, and are only restrained 
by gravitation from dissipating themselves into space. 
In aereead | gases, the length of the mean free path of 
the molecules is exceedingly small compared with the 
dimensions of the vessel, and the properties we then 
observe are such as constitute the ordinary gaseous 
state of watter, which depends upon constant colli- 
sions. Butif we greatly reduce the number of wole- 
ecules in a given extent of space, the free path of the 
molecules under electric impulse is so long that the 
number of their mutual collisions in any given time in 
comparison with the number of times they fail to col- 
lide may be disregarded. Hence the average molecule 
ean carry out its own motions without interference. 
When the mean free path becomes comparable to the 
dimensions of the containing vessel, the attributes that 
constitute gaseity shrink toa minimam, the matter 
attains the ultra-gaseous or *‘ radiant” state, and we 
arrive at a condition where molecular motions under 
electrical impulse can easily be studied. 

The wean free path of the molecules of a gas in- 

so rapidly with progressive exhaustion that 
while that of the molecules of air at the ordinary 
pressure is only 1-10000 of a millimeter, at an exhaus- 
tion of a hundred-millionth of an atmosphere—a point 
(which with present appliances is easy to attain) cor- 
nding to the rarefaction of the air 90 miles above 
the earth’s surface-—the mean free path will be about 
80 feet ; while at 200 miles above the earth it will be 
10,000,000 niles, and millions of miles out in the depths 
of space it will become practically infinite. I could 
goon speculating in spite of Aristotle, who said: ‘* Be- 
yond the universe there is neither space, nor vacuum, 
nor time.” 

In discussing the motions of molecules we have to 
distinguish the free path from the mean free path. 
Nothing is yet known of the absolute length of the 
free path nor of the absolute velocity of a molecule. 
For anything we can prove to the contrary, these 
values may vary almost from zero to infinity. e can 
deal only with the mean free path and the mean ve- 
locity. 

THE VACUUM PUMP. 


As most of the experiments I put before you to- 
night are connected with high vacua, it is not out of 
place to refer tothe pump by means of which these 
tubes are exhausted. Much has been said lately in re- 
commendation of the Geissler pump and its many im- 

vements, but I am still strongly in favor of the 

rengel, as with it I have obtained greater exhaus- 
tion than with any other. I should like to point out 
that the action does not stop when we come to see air 
specks passing down the tubes, but continues long af- 
ter this point has been passed. Neither is the non- 
conducting vacuum, so easily obtained by the Sprengel 
pump, due in any way tothe presence of mercury va- 
por, since non-conduction can be obtained just as ra- 
pidly when special precautions have been taken to 
keep mercury vapor out of the tubes. 

One of the great advantages of the Sprengel pump 
over all others lies in the fact that its internal capacity 
need not exceed a few cubic centimeters, and there is, 
therefore, much less wall surface for gases to condense 
upon. I have brought the very latest modification of 
this form of pump here to-night, and you will have an 
opportunity of seeing it in action and of measuring 
with the McLeod gauge the rarefaction it produces. 


THE PASSAGE OF ELECTRICITY THROUGH RAREFIED 
GAS. 


The various phenomena presented when an induc- 
tion spark is made to pass through a gas at different 

* IT speak of “collisions,” as these are the qoeeenty peseptnd 
substrata of the kinetic theory. But Prof. Silvanus P. Thompson 
reminds me that Boltzmann some years ago proposed a modifica- 
tion of the kinetic theory which to me seems a vast improvement 
on the somewhat bald notion of molecular collisions. According to 
Boltzmann’s view, ina so-called “ collision" the molecules do not 
actually bounce against one another, but merely fly round in two 
interlocking hyperbolic paths. The effect forall external pur- 
poses will be the same asif they collided, because of the extreme 
minuteness of the curved part of the paths. The gain in thus re- 
garding the matter is that such hyperbolic paths are quite con- 
sistent with obedience to the ordinary laws of gravitational attrac- 
tion; whereas the collision theory needs for its explanation that 
when molecules come very near together, they should exhibit a 
repulsion varying inversely as the fifth power of the distance be- 
tween them. 

+ My measurements of high vacua have all been taken with the 
beautiful httle gauge devised by Professor McLeod. Unmerited 
discredit has recently been cast on this gauge, the principal fault 
alleged being its inability to distinguish between the tension of the 
permanent gas and that of the mercury vapor present. Now it is 
evident that, under ordinary circu the tension of mercu- 

vapor may be disregarded, as it will be thesame on both sides of 
gauge; and it will be only in cases where no mercury is pre- 
Sent on one side of the gauge thataslight error is introduced. 
It is, however, very difficult to devise and successfully experiment 
with apparatus in which a trace of mercury vapor shall not enter, 
and it isnot likely that an experimentalist who would be working 
with such mercury-free ceeerene would attempt to use the gauge 
Without rememberi that in this special case the indications 
would be incorrect. To use the Mc gauge requires much 
tience and some amount of experience, but I have always 
Ound it trustworthy to ister exhaustions far beyond t 
millionth of an atmosphere. I can adduce circu evidence 
athe accuracy of its readings at these high vacua. In the year 
il I read a paper before the Royal Society on “The Viscosity of 
as L- jRzboustions” (Phi. + ag ey ee 
l in three la rams, on whic jotted t 
experimental results obtained at rarefactions up to the 
th of an atmosphere, giving curves comparing the decrease in 
din ty with that of repulsion resulting from radiation, at the 
iWerent pressures. Now these curves, in the case of air, for in- 
rate, are | ginny. A regular and uniform in their failing off, and 
evident that this could not have been the case unless the 
representing viscosity and the ordinates representing 
fecomure were equally accurate. I am satisfied that, within narrow 
sen. abscissee of viscosity are correct to the highest. point, 
a Sep | of Superement 60 bg if in the shape of these 
rves ve proo! tat as an exhaustion 
M.the McLeod wa is to be t if 
two per cent. of the truth. To 





as 0? 
give accurate results 
give some idea what these 
the highest red 


degrees of exhaustion point to a modified condition of 
the matter at the highest exhaustions. Here are three 
exactly similar bulbs, the electrodes being aluminum 
balls, and the internal pressures being respectively 75 
nillimeters, 2 millimeters and 0'1 millimeter. If I pass 
the induction current in succession through the bulbs, 
you will perceive in each case very different luminous 
phenomena. Here is a slightly exhausted tube (Fig. 1), 
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like the first in the series just exhibited (75 millimeters); 
the induction spark passes from one end to the other, A, 
B, and the luminous discharge is seen as a line of light, 
acting as a flexible conductor. Under the tube I have 
an electromagnet, C, and on making contact the line 
of light dips in the center down tothe poles of the 
magnet, and then rising again proceeds in a straight 
line. On reversing the current the line of light curves 
upward. Notice that the action of the magnet in this 
ease is only local. 

In a highly exhausted tube the action is quite other- 
wise. Such atube is before you (Fig. 2), and in it I 
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have carried the exhaustion toa high point (0°1 willi- 
meter). I pass the induction current, and you perceive 
the electrified molecules, like the line of light in the 
first tube, also move in straight lines, and make their 
path —— by impinging on a phosphorescent 
screen, D E. If. however, Isubmit them to the action of 
the magnet, c, their behavior is different. The line dips 
down to F, but does not recover itself. It seems thatin 
the tube first shown we have to do with the average be- 
havior of the molecules of gas in its totality. In the 
second case, where the gas has been greatly attenu- 
ated, we are merely concerned with the behavior of 
the individual molecules of which it was originally 
com posed. 

THE STRATIFIED DISCHARGE. 


When the gas is rarer than is necessary to give the 
flexible line of light, as shown in the first experiment, 
the luminosity is plainly discontinuous or, as it is 
termed, stratified. 
A very good illustration of this fact may be taken 
from the moving crowd in any much frequented street, 
say Fleet street. If, at some time when the stream of 
traffic runs almost equally in both directions, we take 
our stand at the window from which we can overlook 
the passing crowd, we shall notice that the throng on 
the foot-way is not uniformly distributed, but is made 
up of knots—we might almost say blocks—interrupted 
by spaces which are comparatively open. We may 
easily conceive in what manner these knots or groups 
are formed. Some few persons walking rather more 
slowly than the average rate slightly retard the move- 
ments of others whether traveling in the same or in an 
opposite direction. Thus a temporary obstruction is 
created. The passengers behind catch up to the block 
and increase it, and those in front, passing on uncheck- 
ed at their former rate, leave a comparatively vacant 
space. If a crowd is woving all in the same direction, 
the formation of these groups becomes more distinct. 
With vehicles in crowded streets, the result, as every 
one may have remarked, will be the same. 
Hence mere differences in speed suffice to resolve a 
— of passengers into alternating gaps and 
nota. 
Instead of observing moving men and women, sup- 
pose we experiment on little particles of some sub- 
stance, such as sand, approximately equal in size. If 
we mix the particles with water in a horizontal tube 
and set them in rhythmical agitation, we shall see very 
similar results, the wder sorting itself with regu- 
larity into alternate heaps and blank spaces. 
If we to yet more minute substances, we observe 
the behavior of the molecules of a rarefied gas when 
submitted to an induction current. The molecules 
here are free, of course, from any caprice, and simply 
follow the law I seek to illustrate, and though origi- 
nally in a state of rampant disorder, yet under the in- 
fluence of the electric rhythm they arrange themselves 
into well defined groups or stratifications ; the lumin- 
osities show where arrested motion with concomitant 
friction occurs, and the dark intervals indicate where 
the molecules travel with comparatively few collisions. 


PARTY-COLORED STRATIFICATIONS, 


As another illustration of stratifications in a moder- 
ately exhausted tube (P=2 millimeters), I will take 
the case of hydrogen prepared from zinc and sulphuric 
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awereury pump (Fig. 3). I pass the induction current, 
and we see thas: the stratifications are tricolored blue, 
pink and gray. Next the negative pole, A, is a lumin- 
ous layer, then comes a dark interval or Faraday’s 


dark space (see below), and after this are the stratifi- 
cations, the. front component (db) of each group blue, 
the next (c) pink, and the third (d) vray. The blue 


disks are somewhat erratic. At a certain stage of ex- 
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haustion all the blue components of the stratifications 
suddenly migrate to the front, forming one bright blue 
disk, and leaving the pink and gray components by 
themselves. 

The tube before you (Fig. 4) is at this particular stage 
of exhaustion, and on passing the current you observe 
the blue disk only (0) is in front. When the tube con- 
tains a compound gaseous residue of this kind, the form 
of stratifications can be very cousiderably altered by 
varying the potential of the discharge. This alteration 
in the forms of stratification was first pointed out by 
Gassiot (1865, ** B. A. Abstracts,” p. 15), who gave very 
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full descriptions and drawings of the alterations pro- 
duced by putting in resistances of various lengths of 
distilled water. That the alteration depends simply 
upon the difference of potential the following experi- 
ment pretty clearly shows: Here isatube giving on 
my coil the colored stratification usually attributed to 
the presence of residual hydrogen, but which I find is 
due toa mixture of hydrogen, mpg ona & and hydro- 
carbon vapors. Now, by altering the break so as to 
prodace frequent discharges of lower potential, you 
see the stratifications gradually change in shape and 
become all pink ; again aliering the break so as to send 
less rapid discharges at a much higher potential, once 
more we get the colored stratifications. When in this 
state, if we introduce a water resistance into the cir- 
cuit so as to damp down the potential, exactly the 
same thing happens. The blue disk is caused by mer- 
cury,; its spectrum is that of mercury only, without 
even a trace of the brigbt red line of hydrogen. Experi- 
ments not yet finished make it very probable that the 
pink disks are dne to hydrogen, and that the gray 
disks indicate carbon. 

The tube you have just seen contains nothing but 
hydrogen, mercury, and a minute trace of carbon ; but 
with all the resources at my command I have not been 
able to get hydrogen quite free from impurity. Indeed, 
I do not think absolutely pure hydrogen has ever yet 
been obtained in a vacuum tube. I have so far sue. 
ceeded as to completely eliminate the mercury, and 
almost completely to remove the trace of carbon. On 
the table is such a tube giving uniformly pink stratifi- 
cations, and showing no blue or gray disks with any 
potential of current 


THE DARK SPACE. 


After the stratification stage is passed, we come to a 
very curious phenomenon, the so-called ‘* dark space.” 
Stadying electrical phenomena in gases, in the year 
1838, Faraday* pointed out a break in the continuity 
of the luminous discharge separating the glow of the 
positive electrode from that of the negative. This he 
called *‘the dark space.” It is seen in tubes con- 
taining gas only slightly rarefied, as in this tube (Fig. 
5, P=6 millimeters), where you will observe that the 





Fig. 5.—P = 6.0 uu. 


positive glow, extending as a pink streak from the 
positive electrode, B, ends about 10 millimeters before 
the spot of blue light, C, representing the negative 
glow. This gap, or non-luminous hiatus, D, is 
day’s ** dark space.” 

Se ting the negative glow from its electrode is 
another space. In this tube it is so small that the glow 
appears to be in actual contact with the electrode, but 
on exhausting a little further it rapidly separates ; and 
in the next tube (Fig. 6), containing air at a little 
less pressure (P=38 millimeters), this dark space, E, has 
extended so as to remove the negative glow about 
four millimeters from the electrode, A. It is with this 
second dark space that I ticularly wish to deal to- 
night. Therefore I shall refer to it as the “dark 
space,” meaning always that in a negative glow. 

In the experiment just shown with hydrogen strati- 
fications the contents of the tube under the electric 
discharge stil] obey the laws following from the aver- 
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* “ Experimental Researches in Electricity,” 1838, par. 1,544. 
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age properties of an immense number of molecules 
moving in every direction with velocities of all con- 
ceivable magnitudes. But if I continue exhausting, 
the dark space, E, round the negative pole, A, be- 
comes visible, grows larger and larger, and at last fills 
up the entire tube. The molecules at this stage 
are in a condition different from those in a less high- 
ly exhausted tube. At Jow exhaustions they behave 
as gas in the ordinary sense of the term, but at these 
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high exhaustions, under electric stress, they have be- 
come exaited to an wlira-gaseous state, in which 
pe decided properties, hitherto masked, come into 
play. 

The radius of the dark space varies with the degree 
of exhaustion, with the kind of gas in which it has 
been produced, with the temperature of the negative 
pole, and to a less extent with the intensity of the 
spark, 

It has been erroneously assumed that [ ever said 
the thickuess of the dark space represents the mean 
free path of the molecules in their ordinary condi- 
tion, and it has been pointed out that the radius of the 
dark space is decidedly greater than the calculated 
mean free path of the molecules. I have taken ac- 
curate measurewents of the radius of the dark space 
at different pressures, and compared it with the caleu- 
lated mean free path of the gaseous molecules at corre- 
sponding pressures when not under the influence of 
electrical energy, and I find that they do not bear a 
constant relation one to the other. The length of the 
dark space is not twenty times the mean free path, 
as some have estimated, but a gradually increasing 
multiple must be taken as the exbaustion becomes 
greater. 


EXPLORATION WITH IDLE POLES. 


Wishing to learn something of the electrical con- 
dition of the matter within and without the dark 
space, I made a tube (Fig. 7), having besides the posi- 


that the pole, C. is well within it (Fig. 8, 5). A change 
has now come over the indications. The galvanometer 
shows a reverse current to that which was seen ou the 
former occasion. C is now negative and D positive, 
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but the gold leaves still tell us both poles are positively 
electrified. 

At a certain ition of the dark space, when its edge 
is on the pole, C (Fig. 8, c), a veutral state is found at 
which the gold leaves still show strongly positive elec- 
trifications, and no current is seen on the galvanome- 
ter. The curves below (Fig. 8,c) ronghly show the 
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rise and fall of negative and positive current at differ- 
ent parts of the tube, while the potential curve keeps 
positive. 

When a eubstance that will phospheresce under elec- 
trical excitewent is introduced into the tube, the posi- 
tion of greatest luminosity is found to be at the bor- 
der of the dark space, just where the two opposing 
armies of negative and positive atoms meet in battle 
array and recombine. Later on I shall refer to this 
phenomenon in connection with the phosphorescence 
of yttria. , 
RADIANT MATTER. 


By means of this tube, Fig. 9, I am able to show that 
a stream of ultra-gaseous particles, or radiant matter, 
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tive and negative terminals, A B, two extra inter 
mediate poles, C and D; the tube showed that when 
the exhaustion was such that both the idle poles were 
outside the dark space, on passing the current through 
the tube there was a considerable difference of po 
tential between them when measured on the galva- 
nometer. If the exhaustion was carried so high that 
ofe of the extra poles was just on the border of the 
dark space, then no current passed between them. 
When the exhaustion was still further increased so as 
to inclose one of the extra poles fully in the dark space, 
again there was a great difference of potential between 
them, but the direction was reversed, the pole at high- 
est potential now being the one formerly at lowest 
potential. 

When the dark space had been further explored by 
means of a movable negative pole, | found that the 
effects did not depend essentially on the exhaustion, 
and were really due to the position occupied by the 
extra poles with regard to the dark space. 

These phenomena are difficult to understand from 
mere description, and the experiments themselves are 
not easy to carry out so as to be visible to many ata 
time. I have here, however, a working model of an 
apparatus which will make these puzzling indications 
clear to all. 

A cylindrical tube (Fig. 8, a. b, and ¢, P = 0°25 milli- 
meter), furnished with the usual poles, A B, at the ends, 
has two extra or idle poles near together at C and D. 
The pole A is movable along the axis of the tube, so 
that when exhausted the dark space can be brought to 
any desired position with respect to the idle poles C and 
D. The shading and + and — marks roughly show 
the distribution of positive and negative electricity in- 
side the tube. I start with the negative pole, A, as far 
as possible from either idle pole (Fig. 8, a). Turning on 
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the coil, you see the dark space surrounding the pole A, 
and the idle poles quite outside. 

The shading shows that each idle pole is in the posi- 
tive area, anc on testing with a gold leaf electroscope 
it will be seen that each is charged with positive elec- 
tricity. But the shading also shows more positive at 
C than at D, and on connecting C and D with a galva- 
uometer the needle indicates a rush of current from C 
to D, D being negative to C. 

The dark space is next brought to such a position 
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does not carry a current of electricity, but consists of a 
succession of negatively electrified molecules whose 
electrostatic repulsion overbalances their electromag- 
netic attraction, probably because their speed along 
the tube is less than the velocity of light. The tube 
has two negative terminals. A, A’, close together at 
one end, enabling me to send along the tube two paral- 
lel streams of radiant matter, rendered visible by im- 
pinging them through holes in a mica diaphragm on a 
screen of phosphorescent substance. It is exhausted 
toa pressure of 0'1 millimeter. I connect one of the 
negative poles, A, with the induction coil, and the 
luminous stream darts along the tube from C to D 
parallel with the axis. 1 now connect the other nega- 
tive pole, giving a second parallel stream of radiant 
matter. If these streams are in the nature of wires 
carrying a current they will attract each other, but if 
they are simply two streams of electrified molecules 
they will repel each other. 

As soon as the second stream is started vou see the 
first stream jump away in the direction, C E. showing 
strong repulsion, proving that they do not act like cur- 
rent carriers, but merely like similarly electrified bodies. 
It is, however, probable that were the velocity of the 
streams of molecules greater than that of light, they 
would behave differently, and attract each other, like 
conductors carrying a current. 

To ascertain the electrical state of the residaal mole- 
cules ina highly exhausted tube, such as you have just 
seen, I introduced an idle pole or exploring electrode 
between the positive and negative electrodes in such a 
manner that the molecular stream might play upon 
it. The intention was to ascertain whether the mole- 
cules on collision with an obstacle gave off any of their 
electrical charge. 


—P 








To Earth ' 
Fre. 10.—P = 0.0001 mm. = 0.13 M. 


In this experiment, Fig. 10, P = 0°0001 millimeter, 
or 0°18 meter,* it was found that an idle pole, C, placed 





M = one-milliouth of an atmosphere. 


in the direct line between the positive and the tive 
poles, A B. receiving in consequence the fall i pact 
of the molecules shot from the negative pole, mani- 
fested a strong positive charge. Ino a variety of other 
experiments made to decide this question the electricity 
obtained was always found positive on testing with 
the gold leaf or Lippman’s electrometer, and when the 
idle pole was connected to earth through a galvanome. 
ter, a current passed as if this pole were the copper ele- 
ment of a copper-zine cell, indicating leakage of a cur- 
rent to earth, the idle pole being positive. 

If, instead of sending this current to earth, the wire 
was connected to the negative pole of the tube, q 
much more powerful current passed in the same 
direction. 

THE EDISON EFFECT. 


An mea 4 parallel experiment has been made by 
Mr. Edison, Mr. Preece, F.R.S., and Professor Fleming, 
using instead of a vacuum tube an incandescent lamp, 
They found that from an idle pole placed between the 
ends of the filament the electricity always flowed as if 
the pole were the zine element of a copper-zine cell ; 
having repeated their experiments, Ijentirely corrobo- 
rate them. I get a powerful current in one direction 
from an idle pole placed between the limbs of an in- 
eandescent carbon filament, and one in tbe opposite 
direction from an idle pole in a highly exhausted 
vacuum tube. This discrepancy was extremely puz- 
zling, and I tested with a similar result very many ex- 
perimental tubes made in different ways. 

The electricity obtained from an idle pole placed 
between the positive and negative terminals in a high- 
ly exhausted tube was always strongly positive, and it 
is only recently that continued experiment has cleared 
the matter up. 

Some of the contradictory results are due to the ex- 
haustion pot being identical in all cases. In m 
vacuum tubes the direction of current between the. 
idle pole and the earth changes from negative to posi- 
tive as the exhaustion rises higher. Testing the cur- 
rent when exhaustion is proceeding, there is a point 
reached when the galvanometer deflection—hitherto 
negative—becomes nil, showing that the potential at 
this point is zero. At this stage the passage of a few 
more drops of mercury down the pump tube renders 
the current positive. This change occurs at a pressure 
of about 2 millimeters. 

After this point is reached, when the induction cur- 
rent is passed through the tube, the walls rapidly be- 
come positively electrified, probably by the friction of 
the wolecular stream against the glass, and this elec- 
trification extends over the surface of any object plac- 
ed inside the tube. I will show you how this electrifi- 
cation of the inner walls of the tube acts on the mole- 
cular stream at high vacua 
In this tube, Fig. 11 (P = 0°001 millimeter or 1°3 M), 











Fig. 11.—P = 0.001 mm. = L3 M. 


are fixed two exactly similar phosphorescent screens, C 
and D; at one end of each is a mica gate, E E, witha 
negative pole, A A’, facing it. One of the sereens, C, 
is in the cylindrical part of the tube and close to the 
walls; the other, D, is in the spherical portion, and, 
therefore, far removed from the walls. On passing the 
eurrent, the screen, D, in the globe shows a narrow 
sharp streak of phosphorescence, proving that here the 
molecules are free to follow their normal course straight 
from the negative pole. In the cylindrical part of 
the tube, however, so great is the attraction of the 
walls that the molecular stream is widened out suffici- 
ently to make the whole surface of the screen, C, glow 
with phosphorescent light. 
(To be continued.) 








SIMPLE DEVICE FOR CONNECTING UP 
BATTERIES. 


Two series of brass strips are arranged at right 


angles to each other and insulated each from the others. 












































DEVICE FOR CONNECTING UP BATTERY 
CELLS IN PARALLEL OR SERIES. 


These atrips are connected with the terminals of the 
cells to be connected, in the manner shown in the en- 
graving, and there is a diagonal row of holes for re- 
ceiving the plugs for connecting the cells in series. 
When these plags are removed and plugs are inserted 
in the rows of holes made straight across the series of 





ad a 
1,000,000 M = 700 millimeters. 
- atmosphere, 


bars, the ceils will be connected up in parallel. 
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{From tHe Evecrrica Wor p.} 
PHENOMENA OF ALTERNATING CURRENTS 
OF VERY HIGH FREQUENCY. 


By NIKOLA TESLA. 


ELECTRICAL journals are getting to be more and more 
interesting. New facts are observed and new problems 
spring UP daily which command the attention of 


engineers. 
inthe last few numbers of the English journals, prin- 
in the Alectrician, there have been several new 
rs brought up which have attraeted niore than 
ysualattention. The address of Professor Crookes has 
revived the interest in his beautiful and skillfully pe ‘ 
formed experiments, the effect observed on the Fer- 
ranti mains has elicited the expressions of opinion of 
some of the leading English electricians. and Mr. Swin- 
has brought out some interesting points in con- 
nection with condensers and dynamo excitation. 

The writer’s own experiences have induced him to 
venture a few remarks in regard to these and other 
matters, hoping that they will afford some useful infor- 
gation or suggestion to the reader. 

Among his many experiments Professor Crookes 
shows some performed with tubes devoid of internal 
electrodes, and from his remarks it must be inferred 
that the results obtained with these tubes are rather 
unusual. If this be so, tuen the writer :nust regret that 
Professor Crookes, whose admirable work has been the 
delight of every investigator, should not have availed 
himself in his experiments of a properly constructed 
alternate current machine—namely, one capable of 

ving say 10,000 to 20,000 alternations per second. 
fie researches on this difficult but fascinating subject 
would then have been even more complete. ft is true 
that when using such a machine in connection with an 
induction coil the distinctive character of the elee- 
trodes—which is desirable, if not essential. in many ex- 

riments—is lost. in most cases both the electrodes 
fchaving alike; but, on the other hand, the advantage 
isgained that the effects may be exalted at will. When 
using a rotating switch or commutator. the rate of 
change obtainable in the primary current is limited. 
When the commutator is more rapidly revolved, the 

rimary current diminishes, and if the current be 
eseesed. the sparking, which cannot be completely 
overcome by the condenser. impairs considerably tbe 
virtue of the apparatus. 
when using an alternate current machine, as any de 
sired rate of change may be produced in the primary 
current. It is thus possible to obtain excessively high 
electromotive forces in the secondary circuit with a 
comparatively small primary current ; moreover, the 
— regularity in the working of the appara'us may 

relied upon. 


No such limitations exist | 


the top of the spheres, begins again at the bottom, and 
| soon. This goes on so fast that several serrated bands 
are seen at once. One may be puzzled for a few min- 
utes, but the explanation is simple enough. ‘lhe dis- 
charge begins at the nearest points, the ait is 
and carries the are upward until it breaks, w 
re-establishe:i at the nearest points, ete. Since the eur- 
rent ses easily through a condenser of even sitiall 
ees ty, it will be found quite natural that connecting 
only one terminal to a body of the samé si#e, no matter 
how well insulated, impairs considerably the striking 
distarice of the are. 
Sapatiments with Geissler tubes ate of special er - 
| est. An exhausted tube, devoid of oe of fy i 
| will light up at some distance from thecoil. If atube 
| from a vacuum pump is near the coil, the whole of the 
| pump is brilliantly lighted. An incandescent p, ap- 
pee to the coil lights up and gets perceptibly hot. 
|]f?alamp have the terminals connected to one of the 
| binding posts of the coil and the hand is approached to 
;the bulb. a very curious and rather unpleasant. dis- 
| charge from the glass to the hand takes place, and the 
| filament may become incandescent. The discharge re- 
|sembles to some extent the stream issuing from the 
platex of a powerful Toepler machine, but is of incom- 
parably greater quantity. The lamp in this case acts 
as a condenser, the r ed gas being one coating, the 
operator's hand the other. By taking the globe of a| 
lamp in the hand, and by bringing the metallic termi- 
nals near to or in contact with a conductor connected 
to the coil, the carbon is brought to brigbt incandes- 
cence and the glass is rapidly heated. ith a 100-volt 
10 c. p. lamp one may without great discomfort stand 
as much current as will bring the nae to a considera- 
ble brillianey; but it can be held in the hand oul for’ 
a few minutes, as the glass is heated in an inetedibly | 
short time. When a tube is lighted by bringing it near 
to the coil, it may be made to go out by interposing a 
| metal plateor the hand between the coil and tube; but 
| if the metal plate be fastened to a glass rod or otherwise 
j insulated, the tube may remain lighted if the plate Se 
| interposed, or may even increase in luminosity, The 
| effect depends on the position of the plate and tube 
| relatively to the coil, and may be always easily foretold 
| by assu:ing that conduction takes place from one ter- 
‘minal of the coil to the other. According to the posi- 
tion of the plate. it may either divert from or direct the 
| current to the tube. 

In another line of work the writer has in frequent ex- 
periments maintained incandescent lamps of 50 or 100 
volts, burning at any desired candle power, with both 
| the termina!s of each lamp connected to astout copper | 
| wire of no more than a few feet in length. 


| 














These ex- | 
periments seem interesting enough, but they are not 
more so than the queer experiment of Faraday, which 
has been revived and made much of by recent investi- | 


| pensive 


vacuum pene is lighted up by being near to 

or touched with a wire connected to one of the 

terminals, the current should be left on no more than 

a few moments. else the glass will be cracked by the 

heating of the rarefied gas in one of the narrow passages 

— the writer's own experience guod erat demonstran- 
am. 

‘There a many other points of interest which 
itiay be observed itt connection with such a machine. 
Experiments with the telephone, a conductor in & 
stro. or with a condenser Or are seem to afford 
éertain prec that sounds far above the usual acceptec 
liniit of hearing would reeived. A telephone wil 
mit notes of twelve to thirteen thousand vibrations 
per second, then the inability of the core to follow sué 

id alternations ins to tell. If, however, the mag- 
net and core be rep by a condeuser and the tef- 
minals connected to the high-tension secondary of a 
transformer, higher notes may stil] be heard. If the eut- 
rent be sent around a finely laminated core and a smal 
piece of thin sheet iron be held gently against the core, 
a sound may be still heard with thirteen to fourteen 
thousand alternations per second, provided the current 
is sufficiently strong. A smal] coil, however, nage | 
packed between the poles of a powerful magnet, will 
emit a sound with the above number of alternations, and 
arcs may be audible with still a higher frequency. The 
limit of audition is variously estimated. In Sir William 
Thomson's writings it is stated somewhere that ten 
thousand per second, or oe! so, is the limit. Other, 
but less reliable, sources give it as high as twenty-four 
thousand per second. The above experiments have 
convinced the writer that notes of an incomparably 
higher number of vibrations per second would be per- 
ceived, provided they could be produced with sufficient 

wer. There is no reason whe it should not be so. 
The condensations and rarefactions of the air would 
nécessarily set the diaphragm in a corresponding vibra- 
tion, and some sensation would be produced whatever— 
within certain limits—the velocity of transmission to 
their nerve centers, though it is probable that for want 
of exercise the ear would not be able to distinguish any 


be| such high note. With the eye it is different; if the 


sense of Vision is based upon some resonance effect. as 
many believe. no amount of increase in the intensity of 
the ethereal vibration could extend our range of Vision 
on éither side of the visible spectrum. 

The limit of audition of an are depends on its size. 
The ter the surface by a given heating effect in the 
are the higher the limit of audition. The highest notes 
are emitted by the high-tension discharges of an induc- 
tion coil in which the are is, so to speak, all surface 
if R be the resistance of an are. and C the current, and 
the linear dimensions be times increased, then the 


resistance is ry and with the same current den- 


The writer will incidentally mention that any one who | gators, and in which a discharge is made to jump be-/ sity the current would be n’C; hence the heating 


attempts for the first time to construct such a machine 
will have a tale of woe t> tell. He will first start out, 
as a watter of course, by making an armature with the 
required number of polar projections. He will then 
get the satisfaction of having produced an apparatus 
which is fit to accompany a thoroughly Wagnerian 
opera. It may besides possess the virtue of converting 
mechanical energy into heat in a nearly perfect man- 
ver. If there is a reversal in the polarity of the pro- 
jections, he will get heat out of the machine ; if there 
is no reversal, the heating will be less, but the outpat 
will be next tonothing. He will then abandon the 
iron in the armature. and he will get from the Scyila 
to the Charybdis. He will look for one difficulty and 
will find another, but, after a few trials, he may get 
nearly what he wanted. 

Among the many experiments which may be per- 
formed with such a machine, of not the least interest 
are those performed with a high tension induction coil. 
The character of the discharge is completely changed. 
The ar: is established at much greater distances, and 
it is so easily affected by the siightest current of air 
that it often wriggles around in the most singular man- 
ner. It usually emits the rhythmical sound peculiar 
tothe alternate current ares. but the curious point is 
that the sound may be heard with a number of alterna- 
tions far above ten thousand per second, which by 
many is considered to be about the limit of audition. 
In many respects the coil behaves like a static machine. 
Points impair considerably the sparking interval, elec- 
tricity escaping from them freely, and from a wire at- 
tached to one of the termiual streams of light issue, as 
though it were connected to a pole of a powerful Toep- 
ler machine. Ali these phenomena are. of course. 
mostly due to the enormous differences of potential 
obtained. As a consequence of the self-induction of | 
the coil and the high frequency, thetcurrent is minute, 
while there is a corresponding rise of pressure.. A cur- 
rent impulse of some strength started in such a coil 
should persist to flow no less than four ten-thousandths 
of asecond. As this time is greater than half the pe- 
riod, it occurs that an opposing electromotive force be- 
gins to act while the current is still flowi As a 
consequence, the pressure rises as in a tube filled with 
liquid and vibrated rapidly around its axis. The cur- 
rent is so sinall that, in the opinion and involuntary 
experience of the writer, the discharge of even a very 

coil cannot produce seriously injurious effects; 
whereas, if the same coil were operated with a current 
of lower frequency, though the electromotive foree 
would be much smaller, the discharge would be most | 
certainly injurious. This result, however, is due in| 
part to the high frequency. The writer’s experiences | 
tend to show that the higher the frequency the greater | 
the amount of electrical energy which may be passed | 
through the body without serious discomfort ; whence 
it seems certain that human tissues act as condensers. 

One is not quite prepared for the behavior of the coil 
when connected to a Leyden jar. One, of course, anti- 
Cipates that since the frequency is high the capacity of 
the jar should be small. “tle therefore takes a very small | 
Jar, about the size of a small wine-glass, but he finds | 

ateven with this jar the coil is practically short-cir- 
cuited. Hethen reduces the capacity until he comes to | 
about the capacity of two spheres say ten centimeters | 
in diameter and two to four centimeters apart. The dis- 
charge then assumes the form of a serrated band exactly | 
uke @ succession of sparks viewed in a rapidly revolv- 
MZ wirror; the serrations, of course, corresponding to 
the condenser discharges. In this case one may observe 
& queer phenomenon. The discharge starts at the near- 
®t points, works gradually up, breaks somewhere near | 


| 


|tween two points of a bent copper wire. An experi-} 
ment may be cited here which may seem equally intes- | 
esting. If a Geissler tube, the terminals of which are 
| joined by a copper wire, be approached to the coil, 
| certainly no one would be prepared to see the tube light 
jup. Curiously enough, it does light up, and, what is 
| more, the wire does not seem to make much difference. 
Now one is apt to think in the first moment that the 
| impedence of the wire migbt have something to do with 
|the phenomenon. But this is of course immediately 
| rejected. as for this an enormous frequency would be 
|required. The result, however, seems puzzling only at 
| first ; for upon reflection it is quite clear that the wire 
|can make but little difference. It may be explained in 
|more than one way, but it agrees perhaps best with 
| observation to assume that conduction takes place from 
| the terminals of the coil through the space. On this 
| assumption, if the tube with the wire be held in any 
| position, the wire can divert little more than the cur- 
rent which passes through the space occupied by the 
| wire and the wetallic terminals of the tube; through 
the adjacent space the current passes practicaily updis- 
turbed. For this reason, if the tube be held in any | 
position at right angles to the line joining the binding | 
posts of the coil, the wire makes hardly any difference, | 
but in a position more or less parallel with that line it) 
impairs to acertain extent the brilliancy of the tube 
and its facility to light up. Numerous other phenom- 
ena may be explained on the same assumption. For 
instance, if the ends of the tube be provided with wash- 
ers of sufficient size and held in the line joining the 
terminals of the coil, it will not light up, as then nearly 
the whole of the current, which would otherwise pass | 
pniformly through the space between the washers. is| 
diverted through the wire. Butif the tube be inclined | 
sufficiently to that line, it will light up in spite of the 
washers. Also, if a metal plate be fastened upon a| 
glass rod and held at right angles to the line joining the 
binding posts, and nearer to one of them, a tube held | 
more or less parallel with the line will light up instantly | 
when one of its terminals touches the plate and will go} 
out when separated from the plate. ‘he greater the 
surface of the plate up to a certain limit, the easier the 
tube will light up. hen a tube is placed at right an- 
gles to the straight line joining the binding posts. and 
then rotated, its luminosity steadily increases until it is 
parallel with that line. The writer must state, how- | 
ever, that he does not favor the idea of a le 
current through the space any more than as a suitable | 
explanation, for he is convinced that all these experi-| 
ments could not be performed with a static machine | 
yielding a constant difference of potential, and that 
eondenser action is largely concerned in these phenom- 
ena 
It is well to take certain precautions when operating 
a Rubmkorff coil with very rapidly alternating cur- 
rents. The primary current should not be turned on 
too long, else the core may get so bot as to melt the 
gutta-percha or paraffin, or otherwise injure the insula- 
tion, and this may occur in a surprisingly short time, 
the current’s strength considered. ‘he primary cur- 
rent being turned on. the fine wire terminals may be 
joined without great risk, the impedence being so great 
that it is difficult to foree enough current through the 
fine wire so as to injure it. and in fact the coil may be 
on the whole much safer when the terminals of the fine 
wire are connected than when they are insulated ; but 
special care should be taken when the terminals are 
connected to the coatings of a Leyden jar, for with 
anywhere near the critical capacity, which just coun- 
teracta the self-induction at the exi-ting frequency, the 
coil might meet the fate of St. Polycarpus. If an ex- 














;on the surface of a deep sea. 


Or | res 


avoidable result. 


of great importance. 
number of very small machines. 


the high frequency. 


alte 


ally the same as connecting, in a two-pole machine, the 


may give quite a good 
currents, yet its construction, quite irrespective of the iron core, makes 
it very unfit for such high frequencies, and to obtain the best results the 
construction shou modified. 


effect is n* times greater, while the surface is only »’ 
times as great. For this reason very large arcs would 
not emit any rhythmical sound even with a very 
low frequency. It must becbserved, however, that the 
sound emitted depends to some extent also on the com- 
position of the carbon. If the carbon contain highly 
refractory material, this when heated tends to maintain 
the temperature of the are uniform. and the sound is 
lessened ; for this reason it would seem that an alter- 
nating are requires such carbons. 

With currents of such high frequencies it is possible 
to obtain noiseless arcs. but the regulation of the lamp 
is rendered extremely difficult on account of the exces- 
sively small attractions or repulsions between conduct- 
ors conveying these currents. 

Au interesting feature of the are produced by these 
rapidly alternating currents is its persistency. There 
are two causes for it, one of which is always present, 
the other sometimes only. One is due to the character 
of the current. and the other to a property of the ma 
chine. The first cause is the more important one. and 
is due directly to the rapidity of the alternations. When 
an are is formed by a periodically undulating current, 
there is a corresponding undulation in the temperature 
of the gaseous column, and, therefore. a corresponding 
undulation in the resistance of the are. But the resist 
ance of the are varies enormously with the temperature 
of the gaseous column, being practically infinite when 
the gas bet ween the electrodes |s cold. The persistence 
of the are, theretore, depends on the inability of the 
column to cool. It is for this reason impossible to 
maintain an are with the current alternating only a 
few times a second. On the other hand, witb a prac- 
tically continuou- current, the arc is easily maintained, 
the column being coustantly kept at a high tempera- 
ture and low resistance. The higher the frequency, the 
smaller the time interval during which the are may 
cool and increase considerably in resistance. With a 
frequency of 10,000 per second or more in an are of same 
size, excessively smal] variations of temperature are 
superimposed upon a steady temperature, like ripples 
The heating effect is 
practically continuous and the are behaves like one 
pontnsan by a continuous current, with the exception, 

owever, that it may not be quite as easily started, 
and that the electrodes are equally consumed ; though 
the writer has observed some irregularities in this 
t. 
The second cause alluded to, which possibly may not 
be present. is due to the tendency of a machine of such 
high frequency to maintain a practically constant cur 
rent. When the are is lengthened the electromotive 
force rises in proportion, and the are appears to be 
more persistent. 

Such a machine is eminently adapted to maintain a 
constant current, but it is very unfit for a constant po- 
tential. As a matter of fact. in certain types of such 
machines a nearly constant current is an alinost un- 
As the number of poles or polar 
projections is greatly increased, the clearance becomes 
One has really to du with a great 
Then there is the 
impedence in the armature, enormously augmented by 
Then, again, the magnetic leak- 
is facilitated. If there are three or four hundred 
rnate poles, the leakage is so great that it is virtu 








*It is thought necessary to remark that, although the induction coil 
result when operated with such rapidly alternating 


id be greatly 
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poles by a piece of iron. This disadvantage, it is true, 
may be obviated more or less by using a fleld through- 
out of the same polarity, but then one encounters 
difficulties of a different nature. All these things 
tend to maintain a constant current in the armature 
circuit. 

In this connection it is interesting to notice that even 
to day engineers are astonished at the performance of a 
constant current machine, just as, some years ago, they 
used to consider it an extraordinary performance if a 
machine was capable of maintaining a constant poten- 
tial difference bet ween the terminals. Yet one result is 
just as easily secured as the other. It must only be 
remembered that in an inductive apparatus of any 
kind, if constant potential is required, the inductive 
relation between the primary or exciting and secondary 
or armature circuit must be the closest possible ; 
whereas, in an apparatus for constant current just the 
opposite is required. Furthermore, the opposition to 
the current’s flow in the induced circuit must be as 
small as possible in the former and as great as possible 
in the latter case. But opposition to a current’s flow | 
may be cansed in more than one way. It may be | 
caused by ohmic resistance or self-induction. One may | 
make the induced circuit of a dynamo machine or| 
transformer of such high resistance that when operat- 
ing devices of considerably smaller resistance within | 
very wide limits a nearly constant current is maintained. 
But such high resistance involves a great loss in power, | 
hence it is not practicable. Not so self-induction. Self- 
induction does not necessarily mean lossof power. The | 
moral is, use self-induction instead of resistance. There ! 
is, however, a circumstance which favors the adoption | 
of this plan, and this is that a very high self-induction | 
may be obtained cheaply by surrounding a compara- 
tively small length of wire more or less completely with 
iron. and, furthermore, the effect may be exalted at 
will by causing a rapid undulation of the current. To 
sum up, the requirements for constant current are : 
Weak magnetic connection between the induced and 
inducing circuits, greatest possible self-induction with 
the least resistance, grentest practicable rate of change 
of the current. Constant potential, on the other hand, 
requires : Closest magnetic connection between the cir- 
cuits, steady induced current, and, if possible, no re- 
action. If the latter conditions could be fully satisfied 
in a constant potential machine, its outpat would sur- 

many times that of a machine primarily designed 
give constant current. Unfortunately, the type of 
machine in which these conditions may be satisfied is 
of little practical value, owing to the small electromo- 
tive force obtainable, and the difficulties in taking off 
the current. 

With their keen inventor's instinct, the now success- 
ful are light men have early recognized the deside- 
rata of a constant current machine. Their are light 
machines have weak fields, large armatures, with a 
great length of copper wire and afew commutator seg- 
ments to produce great variations in the current’s 
strength, and to bring self-induction into play. Such | 
machines may retain within considerable limits of va-| 
riation in the resistance of the circuit a practically eon- 
stant current. Their output is, of course, correspond- 
ingly diminished, and, perhaps, with the object in view | 
not to cut down the output too much, a simple device 
compensating exceptional variations isemployed. The 
undulation of the current is almost essential to the 
commercial success of an are light system. It intro- | 
duces in the circuit a steadying element, taking the 
place of a large ohmic resistance, without involving a | 





diameter, in close proximity to each other, were con- 
nected to the term of the machine on the one end. 
and to a condenser on theother. A small transformer 
without an iron core, of course, was used to bring the 
reading within the range of a Cardew voltmeter by 
connecting the voltmeter tothe secondary. On the 


| glass gets, o a while, peatentes and the vacuum jg 


frequency, the longer the 


pai b he 
lamp can withetand. Buch a deterioration of the di. 
' electric always takes 
| transferred across ad 
| by agiven frequency is too great. Glass withstands 


when the amount of 
tric of definite dimensions 


terminals of the condenser the electromotive force was | best, but even glass is deteriorated. In this case the 


about 120 volts, and from there inch by inch it gradu- 
ally fell untilon the terminals of the machine it was 


potential difference on the is of course too great, 
and losses by conduction imperfect elasticity result, 
ble to stand 


about 65 volts. It was virtually as though the conden- | If it is desirable to produce condensers capa’ 


ser were a generator, and the line and armature circuit | 
simply a resistance connected toit. The writer looked | 
| The writer has worked with air under enormoas preg. 


for a case of resonance, but he was unable to a ent 
the effect by varying the capacity very carefully and 
gradually or by changing the speed of the machine. 
A case of pure resonance he was unable to obtain. 
When a condenser was connected to the terminals of 
the machine—the self-induction of the armature being 
first determined in the maximum and minimum - 
tion and the mean value taken—the capacity which 
gave the highest electromotive force corresponded most 
nearly to that which just counteracted the self-induc- 
tion with the existing frequency. If the capacity was 
increased or diminished, the electromotive force fell as 
expected. 

ith frequencies as high as the above mentioned the 
condenser effects are of enormous importance. The 
condenser becomes a highly efficient apparatus, capable 
of transferring considerable energy. 

The writer has thought that machines of high fre- 
quencies may find use at least in cases when transmis- 
sion at great distances is not contemplated. The in- 
crease of the resistance may be reduced in the conduc- 
tors and exalted in the devices when heating effects 
are wanted, transformers may be made of higher effi- 
ciency, and greater outputs and valuable results may 
be secured by means of condensers In using machines 
of high frequency the writer has been able to observe 
condenser effects which would have otherwise escaped 
his notice. He has been very much interested in the 
»henomenon observed on the Ferranti wain which has 

as been so much spoken of. Opinions have been ex- 
pressed by competent eleetricians, but up to the pre- 
sent all still seems to be conjecture. Undoubtedly in 
the views expressed the truth must be contained, but as 
the questions differ, some must be erroneous. Upon 
seeing the diagram of M. Ferranti in the Hlectrician 
of Dec. 19 the writer has formed his opinion of the ef- 
fect. In the absence of all the necessafy data he must 
content himself to express in words the process which, 
in his opinion, must undoubtedly occur. The conden- 
ser brings about twoeffects: (1) [It changes the phases 
of the currents in ‘the branches; (2) it changes the 
strength of the currents. As regards the change in 
phase, the effeet of the condenser is to accelerate the 
current in the secundary at Deptford and to retard it 
in the prim at London. The former has the effect of 
diminishing the self-induction in the Deptford prima- 
ry, and this means lower electromotive force on the 
dynamo. The retardation of the primary at London, 
as far as merely the phase is concerned, has little or no 


| effect, since the phase of the current in the secondary 


in London is not arbitrarily kept. 

Now, the se effect of the condenser is to in- 
crease the current in both the branches. It is immate- 
rial whether there is equality between the currents or 
not ; butitis necessary to point out, in order to see the 
importance of the Deptford step-up transformer, that 
an increase of the current in both the branches pro- 
duces opposite effects. At Deptford it means further 


great loss in power, and, what is more important, it | lowering of the electromotive force at the primary. and 
allows the use of simple clutch lamps. which with a; at London it means increase of the electromotive force 
current of a certain number of impulses persecond, best | at the secondary. Therefore all the things co-act to 
suitable for each particular lamp, will, if properly at-| bring about the phenomenon observed. Such actions, 
tended to, regulate even better than the finest clock-! at least, have been found to take place under similar 
work lamps. This discovery has been made by the! conditions. When the dynamo is connected directly 
writer—several years too late. to the main, one can see that no such action can hap- 
. It has been asserted by competent English electricians | pen. 

that in a constant current machine or transformer the; The writer has been particulariy interested in the 
regulation is effected by varying the phase of the sec- | suggestions and views expressed by Mr. Swinburne. 
ondary current. That this view is erroneous may be| Mr. Swinburne has frequently honored him by dis- 
easily proved by using. instead of lamps devices each | agreeing with his views. Three years ago, when the 
possessing self-induction and capacity or self-induction writer, against, the prevailing opinion of engineers, ad- 
and resistance—that is, retarding and accelerating | vanced an open circuit transformer, Mr. Swinburne 
components—in such proportions as to not affect ma-| was the first to condemn it by stating in the Hlectri- 
terially the phase of the secondary current. Anynum-|cian; “The (Tesla) transformer must be inefficient; it 
ber of such devices may be inserted or cut out, still it| has magnetic poles revolving. and has thus an open 
will be found that the regulation occurs, a constant | magnetic circuit.” Two years later Mr Swinburne be- 
eurrent being maintained, while the electromotive foree | comes the champion of the open circuit transformer, 
is varied with the number of the devices. The change | and offers to convert him. But, tempora mutaniur et 
of phase of the secondary current is simply a result | nos mutumur in illis. 

following from the changes in resistance, and, though| The writer cannot believe in the armature reaction 
secondary reaction is always of more or less import-| theory as expressed in /ndustries, though undoubtedly 
ance, yet the real cause of the regulation lies in the ex- | there is some truth in it. Mr. Swinburne’s interpreta- 
istence of the conditions above enumerated. It should | tion, however, is so broad that it may mean anything. 
be stated, however, that in the case cf a machine the) Mr Swinburne seems to have been the first who has 
above remarks are to be restricted to the cases in which | called attention to the heating of the condensers The 
the machine is independently excited. If the excita- | astonishment expreseed at that by the abiest electrician 
tion be effected by commutating the armature current, | is a strixing illustration of the desirability to execute 
then the fixed position of the brushes makes any shift- | experiments on a | seale. To the scientific investi- 
ing of the neutral line of the utmost importance, and | gator, whe deals with the minutest quantities, who 
it may not be thought immodest of the writer to men- | observes the faintest effects. far more credit is due than 
tion that, as far as records go, he seems to have been | to one who experiments with apparatus on an industrial 
the first who bas successfully regulated machines in | scale, and indeed the history of science has recorded 
providing a bridge connection between a point of the | examples of marvelous skil), patience and keenness of 
external circuit and the commutator by means of a | observation. But however great the skill, and however 
third brush. The armature and field being properly | keen the observer's perception, it can only be of ad- 
proportioned, and the brushes placed in their deter-| vantage to magnify an effect and thus facilitate its 
mined positions, a constant current or constant poten-| study. Had Faraday carried out but one of his experi- 
tial resulted from the shifting of the diameter of com-| ments on dynamic induction on a large seale, it would 
mutation by the varying loads | have resulted in an incalculable benefit. 

In connection with machines of such high frequencies | In the opinion of the writer, the heating of the con- 
the condenser affords an especially interesting study. | densers is due to three distinct causes : . lea! or 
it is easy to raise the eleetromotive force of such a ma- | conduction ; second, imperfect elasticity in the dielec- 
chine to four or five times the value by simply con-| tric ; and third, surging of the charges in the conductor. 
necting the condenser to the circuit, and the writerhas| In many experiments he has been confronted with 
continually used the condenser for the purposes of re-|the problem of transferring the greatest possible 
gulation as suggested by Blakesley in his book on al-| amount of energy across a dieletric. For instance, he 
ternate currents, in which he has treated the most fre- | has made incandescent lamps.the ends of the filaments 
quently occurring condenser problems with exquisite | being completely sealed in glass, but attached to inte- 
simplicity and clearness. The high frequency allows | rior condenser coatings. so that all the energy nired 
the use of sinall capacities and renders investigation | had to be transferred across the glass with a condenser 
easy. But, aithough in most of the experiments the| surface of no more than a few centimeters square. 
result may be foretold, yet some phenomena observed |Such lamps would be a practical success with suffi- 
seem at first curious. One experiment performed three | ciently high frequencies. ith alternations as high as 
or four months ago with sacha machine and a con-| 15,000 per second it was easy to bring the filaments to 
denser may serve as an illustration. A machine was|incandescence. With lower frequencies this could also 
used giving about 20.000 alternations per second. Two| be effected, but the potential difference had, of course, 
bare wires of about 20 feet long and two millimeters 








to be increased. The writer has then found that the| be made to 


great differences of potential, then the only dielectrig 
which will involve no losses is a gas undue pressure, 


sures, but there are a t many ieal difficulties in 
that direction. He thinks that, in order to make the 
condensers of considerable tieal utility, bigher fre. 

uencies should be used ; such a plan has, be 

des others, the great disadvantage that the system 
would become very unfit for the operation of motors, 

If the writer does not err, Mr. Swinburne has sug. 
gested a way of exciting an alternater by means of a 
2. ber of past the writer has 

ra number er carried on 

experiments with the object in view of producing a 
practical self-exciting alternater. He has in a va: 
of ways succeeded in producing some excitation of the 
magnets by means of alternating currents, which were 
not commutated by mechanical devices. Nevertheless 
his experiments have revealed a fact which stands ag 
solid as the rock of Gibraltar No practical excitation 
can be obtained with a single periodically varying and 
not commutated current. e reason is that the 
changes in the strength of the exciting current pro- 
duce corresponding changes in the field strength, with 
the result of inducing currents in the armature, and 
these currents interfere with those produced by the 
motion of the armature through the field. the former 
being a quarter phase in advance of the latter. If the 
field be laminated, no excitation can be produced ; if 
it be not laminated, some excitation is produced, but 
the magnets are heated. 

By combining two exciting currents displaced by 
a a phase, excitation may be produced in 
both cases, and if the magnet be not laminated the 


| heating effect is comparatively small, as a uniformi 


in the field strength is maintained, and, were it . 
ble to produce a perfectly uniform field, excitation on 
this plan would give quite practical results. If such 
results are to be secured by the use of a condenser, as 
suggested by Mr. Swinburne, it isnecessary to combine 
two circuits separated by a quarter phase ; that is to 
say. the armature coils must be wound in two sets and 
connected to one or two independent condensers. The 
writer has done some work in that direction, but must 
ato the description of the devices for some future 
time. 








URQUHART’S BATTERY. 


A SIMPLE cell, from which acurrent of great strength 
may be obtained for a short time, may be constructed 
by employing two plates of carbon and one of amal- 
gawated zinc pl between them. The three plates 
are usually toa beam of wood, and so insu- 
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URQUHART’S BATTERY. 


lated. The twocarbon plates are connected together 
as one by a brass clamp. This combination is excited 
by a solution of bichromate of potash acidulated by 2 
oz. (to each pint) of sulphuric acid. The resulting ac- 
tion is exceedingly vigo but it is not maintained 
unless the plates be distu: Ved so as to cause circulation 
of the liquid. 

Various attempts have been made to cause the solu- 
tion to circulate of itself, and so prolong the action of 
the cell. One of the best of these is the sustaining bat- 
tery devised by Mr. J. W. Urquhart. It consists of an 
arrangement by means of which gravity causes the ex- 
citing liquid to continue in motion until it is exhausted. 
The engraving represents an element made ———— 
to thisdevice. The containing vessel is cylindrical 
deep. The plates are two disks of carbon and one of 
zine, placed in a horizontal plane, in a wooden case fit- 
ting the containing vessel in the manner of an air-tight 
piston. The piston is packed by means of a rubber 
ring, stretched in a groove turned in the face, as repre 
sented in section. The carbon plates may be connec 
together by means of a metallic stem, which is free of 
the zine by an aperture cut in the center. This me 
tallic stem must be of platinum. Ivory or ebonite may 
be used, and the connection may thus be made bet ween 
the carbon plates, and to the exterior conductor, by 
means of a piece of platinum wire in the wooden anou- 
lar frame. The connection with the zine is made by 
means of a plug and taper tube of platinum, with.@ 
gutta-percha-covered wire leading out of the cell. 
these means the zine plate may be replaced by a f 
disk when worn without trouble. No soldering is 
necessary at any part of the element. The lifting stem 
may either be of two parts, so as to divide, or it may 
act as a nut to screw down upon the car 
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The exciting liquid is poured into the up- 
late. exciting liqu 
a Palt of the containing vessel, and flows into the 
t through an aperture in the upper carbon. A 
still smaller aperture is ed through the lower 
earbon plate, and the liqaid thus slowly 
through the cell, falling into the lower compartment 
drop by drop. A small air outlet is provided at the 
u end of the lowercompartinent. By these means 
the action of the cell may continued, in full even 
flow of current, as long as any of the exciting liquid re- 
mainsin the upper compartment. It is thus ible 
and-easy to obtain from the bichromate cell more 
favorable results than from the Bunsen generator. The 
foree is greater, there isno fume, the resistance is much 
jess, and the constancy is superior. A cell of the above 
type may be made to continue in action for days to 
ther, and supply its full force throughout that time. 
hen the lower compartment is full, and the solution 
be deemed still strong enough, the element way be 
slowly dep This will force the lower liquid up 
through the element into the upper compartment once 


g ~~ of the great advantages of this type of element 
js its extremely low internal resistance, which is often 
not more than 0°71 ohm. The eager may be placed 
yery closely together, compatible with allowing due 
circulation of the exeitant. The ziue plate should in 
all cases be carefully amalgamated. The current 
yielded is frequently as great as that from two Bunsen 
eells of equal size. 


POWERFUL PLUNGE BATTERY 


TuE plunging battery shown in Fig. 1 is a very pow- 
erful one, designed for running an electric wotor or for 
supplying a current to three or four small incandescent 
lamps. The battery consists of eight elements, each 
formed of two 6 X 10 inch carbon plates ¥4 inch thick, 
and one zine plate of the same size, suspended in a cell 
3% X 714 inches and 9 inehes deep. 

Arte upper ends of the carbon plates are paraffined, 
as shown in Fig. 2, by heating the ends only and rub- 
bing on paraffine, allowiug it to melt and soak into 
the pores of the plate untilastrip about 1}¢ inches 
wide across the end of the plate is well filled with pa- 








raffine. This treatment prevents the solution froin as- | 


cending by capillarity and destroying the connections. 

The plates are arranged as shown in Fig. 3, the zine 
plate being located between two carbon plates and 
separated from them by strips of paraffined wood 4 





inch thick, 144 inches wide, and 8 inches long. The} 
plates and separating stri 
thick strips of paraffin wood arranged upon the 
outer side of the carbon plates, and bolts, preferably 
of brass, passing through the ends of all of the strips. 
The electrical connection with the zinc plate is made 
by inserting a copper strip, a, between the plate and 
the wood strip. e connection with the carbon plates 
is made in a similar way, the strip, b, being looped so 
as to form a contact with both plates without touch- 
ing the zine. 





Fie. 1.—LARGE PLUNGE BATTERY. 


are clamped together by | standard of the frame is Joosely fitted a horizontal 


inch wider than the form, the edges of the sheet being 
allowed to project beyond the form, as shown in Fig. 4. 

A piece of gutta percha of suitable width and 
length is placed upon the form within the projecting 
edges of the sheet already in position. The edges are 
then warmed sufficiently to render them adhesive, by 





Fra. 3. 


means of alamp flame or by holding a hot iron near 
enough to soften the gutta percha. The edge is then 
turned over in the manner illustrated. The fingere 
should be moistened to prevent the gutta percha from 
adhering to them. When the lining is complete, it is 
placed in the wooden box and expanded to fit by filling 
it with warm water. The upper edges of the lining shunid 
be turned over upon the edge of the box and made to 
adhere by heating. The box should be thoroughly 
|coated with shellac varnish inside and outside, and 
allowed to dry before introducing the lining. Eight of 
‘ these cells are placed in a box having removable sides 








and a frame extending over the top. To the vertical 


frame which supports the plates of the battery. In 
the upper part of the frame is journaled a shaft pro- 


amount of one-fifth of the volame of the bichromate 
solution. As the gutta percha lining of the cells melts 
ata low temperature, the solution should be allowed 
to cool before pouring it into the cells. 

The plates should not be plunged into the solution 
to agreater depth than is necessary for the production 
of the desired current, and they should always be 
withdrawn immediately after use. The electro-motive 
force of this battery is 16°0 volts, and the maximum 
current is about 4 amperes. 








THE EDISON-LALANDE BATTERY. 


THE Edison-Lalande cell is a modification, or rather 
a development of the battery invented some years 
ago by Messrs. De Lalande and Chaperon. The La- 
lande-Chaperon, cell attracted considerable atten- 
tion at the time of its appearance on account of its 
comparative simplicity and other advantages, princi- 
pal among which were its low internal resistance and 
constancy of action. The battery, however, was of a 
somewhat cumbersome description, the outer cell be- 
ing of cast iron, having an ebonite cover from which 
was suspended the zine elewent coiled in spiral shape. 
The bottom of the outer cell, which constituted the 
negative electrode, was covered with copper oxide, on 
top of which was poured a solution of caustic potash. 
The cover was hermetically seaied by means of flanges 
and nuts. 

Edison’s patent specification describes this battery as 
follows : 

In carrying out my invention I mould the copper 
oxide into plates by mixing the copper oxide with a 
slight amount of alkali water—say soda—and then 
hardening the plates by exposing them toa red heat 
until the mass is well locked together. The plates of 
copper oxide thus formed are clamped between copper 
plates, which form a frame supporting the edges of the 
oxide plates and holding them together. 

The construction of the negative electrode of the 
battery is the principal feature of the invention ; but 
the invention also consists in other matters of detail. 
which will presently appear. : 

In the accompanying drawings, forming a part here- 
of, Fiz. 1 isa vertical section of a cell of the battery, 
and Fig. 2 is a vertical section at right angles to Fig. 1. 


Tey? 























SECTIONAL VIEWS OF THE EDISON- 
LALANDE BATTERY. 


Aand B are two plates formed by mixing the cop- 





vided at opposite ends with drums, to which are at- 
tached chains for lifting the horizontal frame and | 
plates supported thereby. The shaft is provided | 
with a crank by which it may be turned, and with a| 
ratchet which is engaged by a spring pawl attached to | 
one of the standards. 

The copper strips connected with the zine plates are | 


Before the elements are _ together, the zine plates | clamped to the strips extending from theearbon plates, | 


should be carefully ama’ 


gamated. This is done by/|and the terminal strips are provided with binding} 


dipping each plate into a jar of dilute sulphuric acid | posts for receiving conductors. Each set of plates is | 


(acid 1 part, water 10 parts), containing mereury at 


the bottom. As soon as the lower end of the plate is| by means of a cross bar of vulcanite or vulcanized 


coated with mercury it may be lifted from the solution, 


provided with a hook, attached to the clamping strips | 
fiber. These hooks are designed to be placed on the 


inverted and allowed to stand until the entire surface | shaft when it is desired to use only a part of the cells, 


of the plate is perfectly covered with mercury. If 
there are portions which do not receive the mercury, | 
or are scraped or sand-papered and returned to the; 
acid solution, when mercury is applied locally. 

If the amalgamation is perfect, the plates will not re-| 
quire re-amalgamation. An amalgamating solution is 





Fie. 2. 


made by dissolving mereury in nitric acid, then adding 
Water so as to make a 10 per cent. solution of the mer- 
cary titrate. A zine plate immersed in the solation | 

mes amalgamated, but the operation requires fre- | 
quent repetition. Although glass cells are on many 
“ccounts preferable to any others, the cells may consist | 
of pine boxes of the size mentioned lined with gutta | 
Pereha. The operation of lining is quite simple, and | 
the cell, if well made, is durable. A wooden form is | 
made which is the thickness of the gutta percha smaill- | 
*r than the boxes. Around the sides and end of this| 
form is wrapped a sheet of gutta percha, which is 34 | 








the unused plates being detached from the others and 


jare then swung together on _ the 


per oxide with a slight amount of alkali water, then 
moulding the same, and then exposing the same to a 
red heat until the mass is locked together. These 
plates are held by a channeled metal frame, of copper, 
composed of a bottom piece, a. and two side pieces, 
bb’, pivoted to the bottom piece. The pieces, a b b’, 
are channeled, so as to make a frame for supporting 
the oxide plates, A, B. To secure the oxide plates in 
this frame the side pieces, b b', are swung open, the 
oxide plates slipped down between them, the lower 
one resting on the piece, a, and the sides pieces, b b’, 
oxide plates 
and are secured by a copper band, ¢, which is 
slipped over the side pieces, D b’. A cross-bar, d, 
is secured centrally to the bottom piece, a, of the 
frame, so as to insure the central position of the 
negative electrode in the glass jar, C. The top of 


| the glass jar is closed by a cover, D, made, preferably, 
\of porcelain and having openings through which the 
| upper ends of the side pieces, b b’, project. A connect- 
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Fie. 4—FORMING THE GOTTA PERCHA 
LINING. 


suspended out of contact with the solution. On ac- 
count of the difficulty of removing the hard and al- 
most insoluble crystals of chrome alam formed in bat- 
teries employing a solution of bichromate of potash, a 
bichromate of soda solution is substituted. The crys- 
tals forming in the bichromate of soda solation are 
readily removed from the cell. 

This solation is made by dissolving bichromate of 
soda in warm water to saturation, allowing it to cool, 





then slowly adding commercial sulphurie acid to the 





ing wire, e, is secured to one of the projecting ends of 
the side pieces. The cover, D, is moulded with a cen- 
tral rib, f, extending transversely part way across it. 
Two zine plates, E E’, are supported from the under 
side of the cover, D, on opposite sides of the rib, f. 
Metal po g, from the zine plates pass upwardly 
through the cover, D, and enter a wetal block, F, in 
which they are secured by set screws, h. A wire, i, for 
making cireuit connections way be secured to the 
block, F. The rib, /, waintains the zine plates, E E’,a 
definite distance apart, and between the two zinc plates 
is located the negative electrode formed of the copper 
oxide plates, A B, and the sustaining frame. This con- 
struction produces an exceedingly simple and compact 
form of the battery and one which can be convenient- 
Vy renewed, since the a oxide plates can be read- 
ily replaced. I preferably employ two copper oxide 
platen instead of one, for convenience in moulding, and 
so that the upper plate can be reversed in renewing the 
lates, so as toimmerse that part of the plate which 
fore was above the liquid. A single plate, however, 
can be employed. 

The solution employed is preferably a twenty-five 
per cent. solution of caustic soda; but other caustic 
alkali—such as caustic potash—mway be employed. To 
obtain this I employ sticks, G, Fig. 1, of caustic soda, 
which are formed by melting the soda and running it 
into moulds. The glass is filled with water and the 
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soda sticks put in. These being made of the waterial 
fused into a solid mass, they dissolve slowly, and the 
giass jar is saved from injury. If the caustic soda 
were put into the glass jar in the form of powder, the 
heat produced by its rapid dissolution would be liable 
to crack the jar. 





Fie. 3.—EDISON-LALANDE CELL, TYPE K. 


These cells are made in eight different types to adapt 
them to different uses. This battery is applied to tele- 
graphy, telephony, household and motor work, plat- 
ing, cautery, ete. 

The following directions are given for setting up the 
Edison-Lalande battery 

Place in the jar half the required charge of caustic 
potash and fill up with water to within one inch from 
top of jar. Stir solution oceasionally, and when dis- 
solved add the remainder of the charge. 

The solution of potash sticks in water is attended | 
with a considerable rise of temperature, especially near 
the bottom of the jar, and on this account it is advisa- 
ble to divsolve half the charge of potash first, and stir 
the solution occasionally, while dissolving, with a piece 
of wood. This insures a uniform temperature through- 
out the solution and prevents any breakage of jar. 
The balance of the potash may be added after the first 
half is nearly dissolved. 

Pass ends of both zines through the two small holes 
near center of cover and fit them in double binding 
post, in such a position that the hooks at top of zines 
rest on the flat top of binding post and the zines are 
suspended therefrom. Tighten up set screws. 

Place copper plate in frame, the slotted end at bot- 
tom, into which fit the hard rubber separator point 
upward. Pass copper bolt through oblong holes in 
frame, and screw on thumb nut so that sides of frame 
may press agaiust copper oxide plate. 

Pour a small quantity of heavy paraffine oil on top 
of solution so as to form a layer of oil about one- 
quarter inch deep on surface to keep out the air. 

If battery is required to give strong current (for 
motor work, etc.) it is better to short circuit, z. e., close 
the battery on itself for about ten to fifteen minutes, 
but care must be taken not to do so longer than neces- 
sary, or it will cause great waste in battery. 

After potash is dissolved it may be necessary to add 
a little water to bring solution to.within one inch from 

. top of cell, when zines and copper frame are in position 
on.jar, as when the potash charge is dissolved the 
volume of solution will be found to have diminished. 

It is most important that oxide plates should be en- 
tirely submerged in caustic potash solution, so that the 
top edges of oxide plates should be at least one inch 
below the layer of oil. It is of vital importance that 
the oil above referred to should not be omitted. When 
oil is not used, creeping salts are formed, and the life 
of the cell is reduced fuily two-thirds, 

This battery is made by the Edison Manufacturing 
Co., Orange, N. J. 


BISULPHATE OF MERCURY CELL. 


In Hussey’s patent bisulphate of mercury battery 
the improvement consists in using the bisulphate of 


battery, is intended for closed circuit work, and will 
not polarize. It can be left on open circuit for any 
length of time and yet when wanted will be ready for 
use. Water only is used in charging this battery, all 
the chemicals necessary being contained in the porous 
cup, which is sealed. The Eclipse battery has no fumes 
or odor and is simple and clean. It can be used for 
open circuit work if desired. It is an easy battery to 
take care of, as it requires no attention until exhausted, 
when there is nothing to do but to put in a new por- 
ouscup. The battery, it is said, gives a current of 5 
amperes with an E. M. F. of 14¢ volts. There are no 
climbing salts and no bad carbon connections. The 
zine always remains clear and well amalgamated and re- 
quires no looking after except renewal when consumed. 

This battery is made by the Crosby Electric Com- 
pany, 87 and 89 South Fifth Avenue, New York. 


HUSSEY BLUESTONE BATTERY. 

THIS battery resembles the Daniell in some respects, 
while in others it is like the gravity. The cell which 
contains the zine is non-porous at the bottom and por- 
ous above. It rests upon the copper, and the space 
in the jar below and around the lower part of the cell 
contains the sulphate of copper. The porous cell is 
filled with acidulated water and the zine is amalga- 
mated. The battery is provided with a porcelain cover, 
which is not shown in theengraving. Among the uses 





THE HUSSEY BLUESTONE BATTERY. 


to which this battery is applied are telegraphy, tele- 
phony, running smal! motors, charging secondary bat- 
teries, operating small incandescent lamps, ete. The 
Crosby Electric Co., 87 South Fifth Ave., New York, 
are mancfacturers of this battery. 


GASSNER’S DRY BATTERY. 

Dr. CARL GASSNER’S patent dry battery is much the 
same in principle as the Leclanche, but the exciting 
fluid is contained in a paste, and the zine element forms 
the containing vessel. Two forms of the battery are 
made, one being cylindrical, as shown in Fig. 1, the 
other elliptical, as shown in Fig. 2. 

The earbon rod or plate occupies about one-half of 
the space in the cell, and the space between the car- 
bon and the cell is filled with the following mixture : 

* Oxide of zine, 1 part, by weight ; sal ammoniac, 1 





part, by weight; plaster. 3 parts, by weight ; chioride 
of zine, | part, by weight; water, 2 parts, by weight. | 
The oxide of zine in this composition loosens and makes | 
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BISULPHATE OF MERCURY BATTERY. 


mereury in soch a manner that this will not polarize, 
the bisulphate being packed in the porous cell around 


» 





Fie. 1. 
DR. GASSNER’S DRY BATTERY. 


it porous, and the greater porosity thus obtained facili- 
tates the interchange of the gases and diminishes the 
tendency to the polarization of the electrodes.” 

The battery works wellon an open circuit, and is 
cleanly and portable. 

This battery illustrates the general form of nearly all 
dry batteries. The mixtare used in the cell differs 
somewhat with different manufacturers. 


Sl — 
LALANDE-CHAPERON CELL. 


THE caustic potash battery represented in two forms 
in Figs. 1 and 2 is of comparatively recentinvention. It 
is adapted to either open or closed cireuit work, and 
will operate for several months without replenishing 





It has been used successfully in electroplating and in 
electric lighting on a small scale. 


i this place. 


a 
cell, but this is compensated for by its non-liability to 
a li the i cell, V osed 

b the small pattern e iron , V, is el 

rubber stopper, G, through which passes a brass ve 
K, provided at its upper end with a binding post, F 
and carrying at its lower end the zine cylinder, D. 4 
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Fi@. 
CAUSTIC POTASH BATTERY. 


lug, A, on the cell is provided with a binding screw for 
clamping the conductor, C. The cell is filled witha 
saturated solution of caustic potash, and upon the bot- 
tom of the cell is distributed a quantity of black oxide 
of copper. 

A valve, H, formed of a piece of rubber tubing, is in- 
serted in the stopper to admit of the escape of gas. 

The large pattern shown in Fig. 2 is 9 inches in dia- 
meter. Itis similar in its construction to the smaller 
cell. The zine element in this case is formed of a 
plate bent spirally. It is not necessary to amalgamate 
the zines in this battery. It is stated that the small 
cell yields a current of 2 amperes, while the larger one 
is capable of yielding 8 amperes. The E. M. F. is one 
volt. 


THE GIANT ANT-EATER. 

AMONG the mammals of the present fauna there 
exist certain types which, by their strange aspect, or 
their unusual proportions, offer a contrast with the 
generally modest forms that surround us, and which 
are comparable with those sturdy populations that the 
tourist discovers in the heart of a remote province, 
and that have piously preserved the costume, habits, 
and traditions of their ancestors through revolutions 
and wars. Among the mammals that subsist as relics 
of the past, we may wention the water mole (Ornitho- 
rhynchus), the poreupine ant-eaters (Hchidne), the kan- 
garoo, the elephant, the rhinoceros,,the hippopotamus, 
and, finally, the ant-eaters of the genus Myrmecophoga, 
which will form the subject of this article. Like the 
Oryeteropi, the ant-eaters belong to the curious order 
of EHdentata, which contributed to the ancient fauna 
the gigantic megatherium and the huge glyptodon, 
and which still includes among its representatives the 
sloths, armadillos, and pangolins ; but they are dis- 
tinguished from all the animals just cited by their ex- 
ternal form as well as by various osteological peculiari- 
ties. Inthe ant-eaters, in fact, the skin is neither bare. 
as in the earth pig (Orycteropus), nor covered with im- 
bricated scales, as in the pangolins, and is not encrust- 
ed with bony concretions. as in the armadilios, but dis- 
appears under a thick coat of hair, as in the sloths. 
The coat, however, is not so rough and coarse as in the 
latter. The head, instead of being globuiar, is pro- 
longed in front into a pointed muzzle, and the body 
terminates behind in a bushy tail. On another hand, 
the maxillary bones are slender and entirely deprived 
of teeth, so that the animals more justly merit the 
name of Hdentates than do the Orycteropi, whose jaws 
are provided with organs of mastication, at least i® 
their posterior half. 2 

The ant-eaters are met with only in South America. 
There are three species known, and these differ 80 
much from each other in size and the nature of their 
coat that modermnaturalists have thought it necessary 
to distribute them among two or three genera instead 
of leaving them confounded in a single group (Myrme 
cophaga), as Linneusdid. Of these three species, desig- 
nated vulgarly as the giant ant-eater, the tamandaa 
and the two-toed ant-eater, the first only, the giant 
ant-eater (Myrmecophaga jubata), is to oeeupy us 18 
[t was figured more or less rudely two 


The cell is made of cast iron and serves as one of the} hundred and fifty years ago in J. De Laet’s ere 
the carbon. This battery, which,is known as,the Eclipse | plates of the battery. It is much heavier than a glass! tions of the West Indies, and in Margraff and L 
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stadt’s Natural History of Brazil; but it is especially 
in the Narrative of the Voyage of Chevalier des Mar- 
ehais, published in 1731, that we find a singularly ac- 
eurate description of the ant-eater, considering the 
epoch at which it was published. 3 ‘ 

“At Cayenne,” says the chevalier, ‘there is an ani- 
mal called the ant-eater, that might be styled the 
American fox were it found in America only ; but, as 
there are others in Africa, I believe that it is necessary 
to stick to the first name, unless we desire to use the 
very long one that is given the animal by the Indians, 





—_— 





deal, and it would be censured, not without reason, for 
having ‘too wuch tongue.’ 

“It lives upon ants. When it diseovers a retreat of 
the latter, it digs with its nails in order to widen the 
entrance and reach the center of the ant hill ; it then 
immediately tbrusts into it its long tongue, which 
reaches every corner of the cavity, and, as it is unetu- 
ous, the ants, frightened and in disorder, at once ad- 
here toit. As soonas it feels that its tongue ischarged 


with these insects, it draws it into its mouth and swal- 
lows them. 


It continues this operation «as long as it 

















Fre. 1.—THE GIANT ANT-EATER. 


(From an engraving of the seventeenth century.) 


who call it tamadu guacu, which means *‘ ant-eater.’ 
It is its usual food that has given it its name. 

“This animal is as long and as large as a good sized 
dog. Its hind legs areshaped like those of a bear ; the 
fore legs are not so large. It hasa flat foot, with four 
toesarmed with long and sharp nails. The hind feet 
have five well armed toes. Its head is long and its 
muzzle is still longer and pointed. It has two small, 
round, black eyes, and very short ears. Those who 
have taken the trouble to measure its tongue say that 
it is two feet in length, and sometimes longer. It is 
obliged to bend it in order to conceal it in its mouth, 
which, as long as it is, would not suffice to conceal this 
organ. Could it speak, it would doubtless talk a good 





perceives any insects in the place, and, after this, if it 
is still hungry, it goes off to seek another hill. This, 
as may be seen, is slim food, and yet, for all that, it 
well nourishes the animal that nakes use of it, although 
it gives its flesh an odor of ants that is not agreeable. 
The Indians and negroes eat it, but the French have 
better meats. If they knew their interests a little bet- 
ter, they would carefully preserve these animals, which 
would deliver them wholly or in part from ants, which 
do them great injury. My recollection does not recall 
whether the animal likes white ants as much as it does 
the black ones. The white ants are known under the 
name of wood lice, which they somewhat resemble in 
fori. They are equally injurious every where, 














It would be an extreme good fortune for the inhabi- 


tants if they were rid of these noxious insects, which 
are still more pernicious than the black ants. To this 
event hunters should be strictly forbidden to do the 
ant-eaters any injury. 

‘*1 have said that they might be called foxes. It is 
to their tail that they would be indebted for this title. 
In fact, there is no fox in the world that has sosupplea 
tail as they have. It is often nearly two feet in length. 
It is nearly flat and covered on every side with hairs 
from 15 to 20 inches in length, and whicb, in truth, are 
somewhat coarse, thus giving the tail somewhat the 
appearance of that of the horse. Ae it is strong, and 
the animal gives it any motion that it pleases, it 
sweeps the places where it passes, and when it turns 
it up over its back it covers the latter with it entire- 
ly. It thus protects its back against the rain, which it 
greatly dreads. . .....° 

There is, in truth, very little to add to the deserip- 
tion. Chevalier des Marchais, however, does not seem 
to have dealt sufficiently upon the conformation of the 
ant-vater’s paws. The hind ones, which have five 
toes provided with pointed nails, are in fact notably 
weaker than the fore ones, which terminate in four 
toes armed with huge claws that are curved and 
sharp like asickle. It is by means of these claws that 
the animal tears ant hills open, and it is with these 
Weapons that it defends itself against its enemies, 
which it strikes laterally by throwing back the limbs 
with a horizontal motion. The front limbs are in fact 
slightly twisted—an arrangement well adapted for the 
principal purpose that they have to fulfill, but very 
unfavorable for locomotion. So the ant-eater ‘has an 
awkward gait, and, in walking, is obliged to support 
itself upon the lateral face of the fore feet, or rather 
to keep its fore toes and claws bent up against a callous 
cushion of the palmary surface. 

The form of the ant-eater’s head denotes an animal 
of feeble intelligence ; in fact, it has an extremely re- 
treating forehead and the cerebral region is depressed 
and but slightly developed in proportion to the facial 
region, which is prolonged into a long wuzzle slightly 
recurved in front and provided with semicircular na- 
sal apertures. The ears are reduced totwo roundish 
membranes, 12 inches in length. The eyes are scarcely 
larger than a juniper berry, and the mouth is so nar- 
row that it seems searcely capable of allowing of the 
passage of the tongue, and the mean diameter of which 
does not exceed 34 of an inch in the center and y $y at 
the extremity. 

As Chevalier des Marchais accurately observed, the 
giant ant-eaters tongue, like that of the tamandua, 
the earth pig and other edentates, constitutes much 
less an organ of taste than one of prehension. It is 
moved by powerful wuscles, and although it is not, 
when in astateof rest, bent up in the mouth, but 
simply compressed against the jaws, at the side of the 
pharynx, it can, like the tongue of the woodpeckers, 
be suddenly thrust out and be projected to a distance 
that Roulin estimates at seventeen inches, Its surface 
is coated with a glutinous saliva which is secreted by 
submaxillary glands of extraordinary dimensions, ex- 
tending to the breast, and the structure of which has 
been studied by Sir Richard Owen and Mr. G. Pouchet, 
and which have been found also by Mr. J. Chetin jn 
the tamandua. On the contrary, the parotid glands, 
which furnish an aqueous saliva, are considerably re- 
duced in size in the ant-eaters. 

The absence of teeth in these animals offers no in- 
convenience as regards nutrition, since the insects 
upon which they prey do not possess strong integ- 
uments, and are capable, moreover, of being triturated 
in the stomach. The latter, in fact, consists of two 
distinet parts, viz., of a cardiac or membraneous part 
aud of a pyloric or muscular one, which, as regards 
the strength of its parieties, way be compared to the 
gizzard of birds, although it is not provided with epi- 
thelial callosities. 

Mr. Owen has found, on the one hand, that the in- 
testine of the ant-eaters is supported, as in reptiles, by 
a large fold of the peritoneum, and Mr. Crisp has been 
strock with the exceptional dimensions that the blood 
globules attain in the same species. The mean diame- 
ter of these, which does not exceed yy55 Of an inch in 
man, reaches go'5_5 in the ant-eaters. 

These animals are noticeable again by the size of 
their biliary vesicle, by the thickness of their integu- 
ments, by the development of their cutaneous muscles, 
by the width of their ribs, which lap over each other, 
and especially by the conformation of their brain, 
which exhibits a pretty degraded type. The hemi- 
spheres, which are conthected by a wide callous body, 
leave the cerebellum exposed, iv fact, and exhibit upon 
their surface but a small number of symmetrical con- 
volutions, On the contrary, the olfactory lobes are 
very large, as in all animals possessing a delicate 
sense of swell. The sense of smell, in fact, is the only 

sense that is well developed in the ant-eater. 

The coat of the giant ant-eater is extremely shaggy. 

The end of the uwiuzzie, the lips, the eyelids and the 
soles of the feet are the only bare parts, and the head, 

body and limbs are covered with hair, which in 
length, thickness and color differs from one region to 
another. Upon the head, the hair is short and erect, 

of a gray color, with black rings ; upon the back, it is 
long and silky and of the sawe color; and upon the 
nape of the neck it rises and forms a wane from eight 
to ten inches in length. The hair of the sides and but- 
tocks is softer and Jess erect, while that of the tail is stiff 
and wore or less flattened. The hind paws and the 
belly are of a dark brown; the back and the tail are 
of an ashen gray, speckled with black ; the head is 
gray, with a white stripe on each side of the forehead ; 

the fore paws are ornamented with a cireular stripe 
interrupted behind ; and the throat is covered with a 
blackish plastron prolonged laterally by a stripe of the 
sawe color witha whitish edge, which meets the shoul- 
ders obliquely and ends in a poiat on the side of the 
spine. Upon the parts destitute of hair, the skin is of 

quite a dark tint, The same system of coloration ex- 

ists in the young animals, although the latter as a gen- 

eral thing exhibit a paler color than that of the adults. 

The giant ant-eaters are found in the region east of 

the Andes comprised between the Rio de la Plata and 

the Caribbean Sea, but they are particularly common 

in the desert or sparsely peopled regions of the north 

of Paraguay. They generally live isolatedly, and 

when two individuals are found in company it is al- 





Fie. 2.—GIANT ANT-EATER DEFENDING ITSELF AGAINST A JAGUAR. 


most always a female accompanied by a young one. 


The young animal is in fact suckled for a very long 
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time, and rewains in the company of its mother until 
she is about to bring forth a second time. 
ant-eater does not dig a burrow, and has vo fixed abode. 
After wandering all day throagh the plains in search 
of ants or termites, it contents itself at nightfall with 
th 
it chances to be, amid tall grasses. When at rest, it 


The giant 


helter of a bush, or simply goes to sleep wherever 


resembles, it is said, a bundle of hay lying upon the 


gronnod, Its ordinary gait is very slow, and it is only 
when it is pursued that it begins a clumsy gallop. 
Still it does not move quickly enough to prevent a 
man walking at a good pace easily to overtake it. 
Usually, the animals are perfectly harwiess, but 
when they find themselves too close pressed, and 
especially when they are wounded, they do not hesi- 
tate to face the enemy. They then stand upon their | 
hind legs after the wanner of bears, and, 
with anger, extend their arms and endeavor to stran- 
le their adversary or to lacerate it with their claws. 
nd it may be easily imagined how terrible are the 


wounds made by nails as sharp as razors and weasur-|twice daily until I observe a decided improvement, 
ing from 1% inehes to 3 inches in length, especially | after which I regulate the frequency according to 
when these nails arm a powerful paw at the extremity | circumstances. 


of a strong limb. ‘Thus the traveler Roulin came near 


being cut to pieces by an ant-eater that he had im- under as favorable hygienic conditions as possible. 
prudently seized by the tail in order to stop the animal | 
while running to escape the whip of a young shepherd | 


who had surprised it near an ant-hill. The ant-eater, 
turning about, swept the air with a sudden motion, 
and Roulin saw pass, at two inches from bis waist, a 


nail that appeared to him to be six inches in length, | 


and that would have ripped open his abdomen from 
one side to the other had he taken another step 
Later: on, even, after the exhausted beast hud been 
seized with a lasso, it still tried to resist by lying upon 
its back and flourishing its limbs. 

Ant-eaters, wounded by troopers, have been observ- 
ed to hang on to the crupper of a horse, and not let go 
until after receiving several stabs from a spear; and 
the inhabitants of Colombia and Paraguay assert that 
these edentates wage desperate conflicts with jaguars 
that usually terminate in the death of both combat- 
ants. It is said that the dead bodies of the adversa 
ries are sometimes found in a close embrace. Although 
he had never been a witness of such things, Roulin 
does not consider these stories as devoid of truth. In 
fact, he observes that although the jaguar does not 
usually allow the prey that it covets time to recover 
itself, and although it usually reaches it in two or 
three leaps and instantly throttles it, it way also miss 
its object and find iteelf in a pretty critical situation. 
In such an event, the ant-eater will have time to get on 
its legs. 

As shown in Fig. 2, it will sit squat and threaten its 
enewy, and, as soon as the latter springs, will clasp 
it between its powerful arms and lacerate it with its 
»owerful claws, while its own bones may be crushed 

tween the terrible jaws of the carnivore. 

An ant-eater easily manages a dog of large size, but 
cannot resist a man armed witha gun. The hunting 
of this animal, therefore, presents no great danger, 
and ought, then, to offer so wuch the less attraction 
(as Des Marchais remarks), in that the ant-eater is an 
ewinently usefubecreature, and that its flesh has a very 
@isafreeabie taste of ants. Yet the inhabitants of 
Paraguay annually destroy a large number of the giant 
ant-eaters, which they designate by the nawe of 
gnouroumys or youroun.ys, and whose skin they use 
as bed coverings, it being, they say, excellent for pre- 
venting kidney diseases. Indivicuals of this species 
are also sent alive to Europe in order to be kept in 
zoological gardens. However, it is merely through the 
oddity of their form that they merit a place in mena- 
geries, for, like the orycteropi, they are indifferent and 
stupid beasts.—Z#. Onstalet, in La Nature. 
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[Prom Tue Mepicat Covurayt.] 
HYDRASTIS VS. PHTHISIS. 
By A. Jupson PALMER, M.D. 


ABOUT one hundred years ago William Cullen defined | | v 


phthisis as ** au expectoration of pus or purulent wmat- 
ter from the lungs, attended with a hectic fever.” La- 
ter the tubercle was discovered, and it was found that 
this tuberele contained a virus. 
tuberele bacillus was discovered by Koch. 
generally conceded that tuberculosis, 
lungs or other tissues, is coincident with the presence | 
of these microphytes. The i ier 
then, is how to extermina these pathognomonic 
germs, or prevent the putrefactive process which they 
induce. 

I have used hydrastis in my practice for the past 
thirty years as a !ocal application to inflamed mucous 
surfaces, and noting its efficiency, especially in inflam- 
matory conditions of the pharynx, it occurred to me 
that it might be equally efficacious in the treatment of 
bronchitis if it were possible to apply it directly to the 
inflamed membrane. Accordingly, about four years 
ago, to accomplish this I administered it by inhalation 
in the form of a vapor, freed from spray, and thas se- 
cured its deposit where required. The result was very 
satisfactory 
cowplicated with chronic hepatization, due to incom- 
»lete restoration from an attack of pneumonia which 
had oceurred two months previously. I was surprised 
to find that not only the bronchitis but also the pneu- 
wonie deposit disappeared. I then determined to test 
its virtue in phthisis. I have now been asing it in the 
different stages of this disease over three years, and | 
think the result of my experience justifies me in assert- 
ing that in it I have found a remedy of remarkable 
efficacy in the treatment of phthisis, if properly and 
perseveringly used; and that the majority of cases, 
while in the @arly stages, can thus be restored to a con- 
dition of apparent health. 

Precisely in what wanner its extraordinary influence | 
is exerted isa question upon which opinions may differ, | 
but I have dewonstrated to my own satisfaction that 
in some way it has a deeidedly specific action upon this | 
disease. 

Durin 


It is now 


the first month of treatwent the night sweats 
usually disappear, and the cough and expectoration are | 
greatly diminished ; the patient has a better appetite, 
better digestion, and gains in strength. 

In cases advanced so far as to be incurable, the pa- 
tients are so wuch relieved that they regard the reme- 
dy as indispensable to their comfort. Its hemostatic 


growling | sufficiently often to watch the effect of the treatment 


In the year 1882 the | ¢@@mples from whieh to make selections, thus saving 


whether of the | 


»ortant consideration, 


I then used it in a case of bronchitis) 











properties render it of great value as a preventive of 
eworrhage. 
I obtain the best results by using it in combination 
with chloride of sodium, ove part of the fluid extract 
of hydrastia can. to three parts of a saturated solution 
of the salt. 
The fact that I use it in conjanetion with salt may 
lead to the supposition that salt is the principal agent 
in effecting the cure; but I have obtained the same 
results by using it wixed with glycerine and water. 
The volume of vapor should be moderate at first and 
gradually increased from day to day as the patient be- 
cowes accustomed to its use, after which I advise deep 
| inepirations to insure the entrance of the vapor to the 
remote air cells. When patients are taking the inha- 
lations at their homes, the physician should visit them 








aud to advise in regard to the strength of medicine 
and the volume of vapor. 
In most cases I continne the inhalations once or 


Care, of course, should be taken to place the patient 


Brooklyn, N. Dua 


90 Hancock Street, 


| It appears from a report wade by Professor Hazen, 
|of the Signal Service, that the average number of per- 
son killed annually in the United States by tornadoes 
during the last eighteen years is 182. This wortality 
appears to be less than that from lightning strokes. 
| It farther appears that in no State may a destructive 
tornado Be expected oftener than once in two years on 
jan average. The territory affected is usuaily both 
short and narrow. 
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